22 


THE PETROGRAPHY, STRUCTURE, AND MODE OF EMPLACEMENT 
OF THE COBAW GRANITE, VICTORIA 


By A. J. STEWART 


Department of Geology, Yale University, New Haven, 
Connecticut, U.S.A. 


Abstract 


The Cobaw Granite (Upper Devonian) is a ‘high-level’, compound granite which has a 
subrectangular shape and an area of 200 square miles. It consists of four main intrusions 
(numbered Gl to G4), the later emplaced inside the earlier. G1 is an irregular dyke of 
hypersthene porphyrite in the north-eastern part of the massif. G2 is a large ring of coarse- 
grained granite, characterized by a vertically-dipping, planar orientation of perthite phenocrysts, 
which is parallel to the outer margin of the ring. G3 is the largest intrusion, a virtually 
massive, medium-grained granodioritc, which crops out entirely inside G2. G4 is a body of 
porphyritic granodiorite which interrupts the ring of granite G1, and has a transitional contact 
with G3. Numerous smuller intrusions are prescnt in the central part of the massif, and the 
country rocks have remained undisturbed during the intrusive history. Emplacement is belicved 
to have begun with the extrusion of a small flow of hypersthene dacite, followed by the 
intrusion of the granite G2 by minor block stoping of a ring fracture zone, to form a true 
ring dyke. Because of the large size of the massif, it is thought that these fractures reached 
the surface, so that restricted flows of rhyolite appeared, accompanied by slight cauldron 
subsidence. Subsurface fracturing of the central block of country rock allowed underground 
cauldron subsidence to take place inside G2, possibly of two main blocks, to emplace the 
granodiorite G3, followed by subsidence of a scgment of G2 to form G4. A long period of 
erosion has entirely removed the roof rocks, including the small amount of early extrusives. 


Introduction 


The Cobaw Granite is a compound granitic body situated in Central Victoria, 
between Kyneton, 53 miles NW. of Melbournc, and Tooborac, 58 miles N. of 
Melbourne (Fig. 1a, 1b). The essential featurcs of this region have been described 
by Hills (1959), and indicatc that the granitic bodies found there are ‘high-level’ 
magmatic granites, representative of the ‘Plutons’ in Read’s Granite Serics (Read 
1949), or of the ‘Epizonal plutons’ in Buddington’s scheme (Buddington 1959). 
Some of them are directly associated with consanguineous acid volcanic rocks 
(Fig. 1b), and the area is a typical example of post-orogenic magmatic activity at 
the subvolcanic and volcanic levels. 

The study was undertaken to ascertain thc mode of emplacement of the Cobaw 
Granite. The cvidence available, coupled with the gencrally poor exposures, is 
insufficicnt to provide a conclusive demonstration of the cmplacement mechanism, 
but there is enough evidence to allow a hypothesis to be put forward. In this 
account, the term ‘Cobaw Granite’ is used to denote the whole massif of granitic 
rocks, and the four main members in their order of intrusion are referred to 
as G1, G2, G3, and G4 (Fig. 2). The terminology of Nockolds (1954) has been 
used for the igncous rocks. 

The massif consists essentially of a ring of coarse-grained granite G2, sur- 
rounding a core of medium-grained granodiorite G3. A prominent, irregular dyke of 
hypcrsthene porphyrite at Tooborac forms the carliest intrusion G1 (Singleton 
1949), and a fourth intrusion of granodiorite, G4, breaches the ring of granite and 
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Fic. 1—а. Locality map showing Central Victoria, and the area (in solid black) 
covered by Fig. 2 (Geological Map of the Cobaw Granite). 
b. Map of Central Victoria, showing thc Cambrian belt and Upper Devonian 
igneous rocks. Position of Fig. 2 shown by indented rectangle. 


forms the highest part of the area, the Cobaw Ranges. The massif is markedly 
subrectangular in shape; its long axis measures 244 miles in an ENE. direction, 
and the short axis 84 miles at right angles to this. The total area of all granitic 
rocks is 210 square miles. 

Little work has been done on this granite mass since it was shown on the 
quarter sheets of the Geological Survey of Victoria, published in the 1860's, and 
which showed only the outer contact of the granite. The name ‘Cobaw Granite’ was 
first used by Edwards (1938). Baker (1942) described the heavy minerals in four 
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samples from the outer contaet of the granite (G2). The uniformity of the heavy 
mineral assemblages, and the absence of hydrothermal minerals and of minerals 
produced by contamination, led him to conclude that the granite had been 
extensively deroofed. 

O. P. Singleton (1949) described the Lower Palaeozoic sediments and later 
granitic rocks of the country around Tooborae. He found (p. 76) that the rock 
at Hayes’s Hill shown on thc quarter sheet 51/SW. as ‘gneiss’ was a metamorphosed 
dyke of hypersthene porphyrite, and reeognized that the massif possessed a ring of 
coarse-grained granite which surrounded a core of medium-grained granodiorite. 
Direet evidence of the rclative ages of the granite and granodiorite is lacking in the 
area he visited, and from indireet evidenee hc eoneluded that the ring of granite 
was younger than the granodiorite. Howcver, direct evidence from other places 
along the contact of the two rocks shows that this is not so, and that the granite 
is older than the granodiorite. ; 

Jointing in the granitie roeks is approximately N.-S. and E.-W.; as a result, 
a subrectangular stream pattern has developed over most of the area. However, 
Mollison's Ck and Sandy Ck, in the eastern half of the main body of granodiorite, 
follow roughly areuatc eourses some distance from but parallel to the inncr margin 
of the granitc ring (Fig. 2). Corestoncs eover the landscape, and those of the 
eoarse granite of the ring are very much larger than those of the medium-grained 
granodiorite inside thc ring. Similarly, the hills formcd on the ring of granite are 
eonsiderably higher than those on thc granodiorite. 


Petrography and Relationships of Rock Units 


CouNTRY ROCKS 
GENERAL STRATIGRAPHY 


The rocks into which the Cobaw Granite was intruded consist of folded and 
faulted Cambrian, Ordovician, and Silurian sediments of the Lachlan Geosyncline 
(Packham 1960). The trend of the folds and faults is approximately N.-S. The 
faults bring the Cambrian rocks to the surface, where they form the Mt William- 
Heathcotc-Colbinabbin Belt, separating Ordovician roeks on the western side from 
Silurian rocks on the east (Fig. 2). The Cobaw Granite transects this belt, and 
has removed a strip of Cambrian rocks some 12 miles long. 

South of the granite, in the Laneefield area, the Cambrian System comprises 
the Mt William Group, at least 5,000 ft of submarine basie metavoleanics (green- 
stones) of the spilite-keratophyre association, with minor pyroclasties and cherts, 
overlair by 2,000 ft of Goldie Shales (Thomas & Singleton 1957). At the surface, 
the width of the Cambrian belt averages 14 milcs. North of the granitc, in the 
Tooborae arca, the Cambrian belt is only $ mile wide, and the voleanic rocks are 
predominantly tuffaceous (Singleton 1949). + Е. 

The Ordovician rocks are deep-water sandstones, greywackcs, and graptolitic 
shales. In the Lanceficld district they are conformable with the Cambrian rocks, 
but at Tooborac the junction is faulted. The Silurian sandstoncs, shales, mudstones, 
and greywackes occur only to the cast of the Cambrian rocks, and are everywhere 
faulted against them. Though lithologically similar to the Ordovician rocks, they 
are usually greenish instead of grey, and contain shelly fossils, which indicates 
shallower-water deposition. The combined thickness of Ordovician and Silurian 
sediments is about 30,000 ft (from Thomas 1937, Thomas & Singleton 1957, and 
Packham 1960). 
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METAMORPHISM 


On emplacement of the granite (G2), contact metamorphism affected all the 
surrounding country rocks, resulting in a ridge of resistant hornfels averaging from 
i to 3 mile wide. However, at High Camp in the SE. corner, the ridge is 14 miles 
wide and considerably higher than the rest of the aureole, forming the prominent 
Black Range. Only a very brief petrographic study of the contact metamorphic 
aureole has been madc; fuller descriptions of thc thin sections* are recorded in 
Stewart (1962). An account of the contact metamorphism in the Tooborac area 
appears in Singleton (1949). 


* Rock specimens and thin sections (TS) numbers 8203 to 8475 are in the collection of 
the Geology Department, University of Melbourne. 


Three specimens of greenstone from Mt William are typical of the metamor- 
phosed Cambrian basic extrusives. TS 8437 has been cut from a specimen from 
1,600 yds S. of the granite contact, and consists essentially of oligoclase and 
actinolite. The larger actinolite crystals have prominent cores of unaltered augite. 
Other mincrals present are abundant ilmenite, chlorite, epidote, clinozoisite, and 
very rare biotite; hornblende is absent. Faint traccs of ophitic texturc remain. 
The mineral assemblage is essentially that of a spilite (Turner & Vcrhoogen 1960, 
р. 258), so thc rock probably lies outside the contact aurcole. 

TS 8438, from the peak of Mt William, 1,000 yds from thc contact, consists 
mainly of andesine and hornblende, with some actinolite and rare quartz, augite 
bcing absent. TS 8445, from the contact itself, contains oligoclase, hornblende, and 
quartz; actinolite is absent. This innermost rock is an epidiorite (Hatch, Wells, & 
Wells 1961, p. 325). 

The principal change affecting the Cambrian rocks in the aurcolc has becn the 
conversion of actinolite to hornblendc. The mineral assemblage at the contact 
belongs to the hornblende-hornfels facies of contact metamorphism, and this extends 
for 1,200-1,400 yds S. The effect of the granite on the Cambrian rocks in the outer 
part of the aureole, where the conditions werc those of the albite-epidote-hornfcls 
facies (shown by the metamorphosed sediments) was probably very little. This is 
because the mineralogy of thc grecnstones was alrcady similar to that of the albite- 
epidote-hornfels facies, owing to their spilitic character. 

A metamorphosed shale from the Goldie Shalcs at Mt William is a tremolite- 
biotitc-cordierite hornfels (TS 8446), consisting of thesc minerals with some quartz 
and abundant ore minerals. The rock is vcry fine-graincd, and the cordicritc forms 
poikiloblasts crowded with inclusions of the other minerals. This rock-type has been 
recorded only once before in Victoria, from the Tooborac district by Singleton 
(1949). Most of the contact rocks at Tooborac are tremolite hornfelses. 

The Ordovician sediments are typical pelites and psammo-pclites, and have 
given rise to a variety of contact metamorphic hornfelses. These are: 


1. Cordierite hornfels—onc type recognized: 
cordicrite-muscovite-biotite-quartz hornfels (TS 8465), with occasional 
small erystals of oligoclase. i 

2. Biotite hornfels—one type: 
muscovite-biotite-quartz hornfels (TS 8454, 8456), with oligoclase as small 
crystals and less commonly as larger poikiloblasts. 


3. Sericite hornfels—thrce types: 
(a) biotite-muscovite-sericite-quartz hornfels (TS 8455); 
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(b) muscovite-biotite-quartz-sericite hornfels (TS 8457), a retrograded 
cordierite hornfels; 


(е) muscovite-quartz-sericite hornfels (TS 8449, 8450, 8451). 


The cordicrite and biotite hornfelses are not found more than a few yards from 
the granite. The sericite hornfels forms the major part of the aureole, and is com- 
monly present at the granite contact in association with the cordierite and biotite 
hornfelses, as well as lying outside them. 

The mineral assemblages in the contact metamorphosed Silurian rocks are 
identical with those in the Ordovician rocks, reflecting the similarity in lithologies. 
The assemblages noted were cordierite-muscovite-biotite-quartz hornfels (TS 8470, 
8472), biotite-muscovite-sericitc-quartz hornfels (TS 8473), and muscovite-quartz- 
sericite hornfels (TS 8468, 8469). Again, the cordierite hornfelses oceur only at the 
granite contact, most of the aureole consisting of the sericite hornfelses. 

The mineral assemblages and thcir distribution in the Ordovician and Silurian 
rocks indicate a zoned aureole, with an inner zone of biotite hornfels and cordierite 
hornfels of the hornblende-hornfels facies, and an outer zone of sericite hornfels of 
the albite-epidote-hornfels facies. Compared with the outer zone, the inner zone is 
almost everywhere very narrow, ranging from a few inches to a few yards in width. 
However, where the Cambrian rocks abut against the granite, the zone of the 
hornblende-hornfels facics is wider, of the order of 1,000 yds, both at Mt William 
and at Тообогае (Singleton 1949, p. 86-87). This results either from the presence 
of granite close to the surface, or from the grcater reactivity of the greenstones 
comparcd to the sediments. At High Camp, the Black Range consists of spotted 
cordierite hornfels, so that the inner zone is a mile wide. 

'The narrowness of the inner zone shows that the bulk of the contact meta- 
morphism took place under conditions of the lowest grade of temperature and 
pressure, the conditions of the albite-epidote-hornfels facies. A high level of 
emplacement in the crust is therefore indicated. 


INTRUSIVE ROCKS 


The Cobaw Granite has one large ring of coarse-grained granite G2, with a 
weakly developed, concentric, platy flow structure, surrounding a younger body of 
massive, medium-grained granodiorite G3 (Fig. 2). The ring has been breached 
by a later intrusion G4, but almost certainly it originally covered a full 360°. 
In all there are 13 members of the massif. Four small igneous bodies are situated 
outside the granite ring, apart from microgranite dykes; all the other members crop 
out inside the ring. No cone sheets have been found. 

The order of intrusion, as far as can be deduced from field relationships and 
petrographic similaritics, is: 

(1) Hypersthene porphyrite dyke G1, at Tooborac. 

(2) Microgranodiorite at Tooborae, porphyritic microgranodiorite at Mt Wil- 

liam, and porphyritic microgranite SE. of Tooborac. 

(3) Granite G2, and porphyritie microgranite between Pyalong and Glenaroua. 

(4) Porphyritie microgranite dykes. 

(5) Granodiorite G3. 

(6) Porphyritic granodiorite G4, of the Cobaw Ranges. 

(7) Porphyritie microgranodiorite dyke 3 miles N. of Baynton. 

(8) Porphyritie mierogranodiorite of O'Connor's Hill, with a small off-shoot 

4 mile to the NE. 
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(9) Porphyritic granodiorite of Stony Ck, with a small off-shoot 2 miles to 
the NE. 

(10) Coarse-grained granodioritc plug 1 mile SW. of Baynton. 

(11) Eight minor intrusions ncar the boundary of G4. 

(12) Porphyritic microgranodiorite and porphyritic microdiorite dykes in the 
W. part of the massif. 

(13) Aplite, pegmatite, and reef quartz. 

The evidence of the relative age of each intrusion is discussed individually. 

Petrographic descriptions are summarized in Tables 1-6. 


(1) HYPERSTHENE PORPHYRITE DYKE Gl (summarized from Singlcton 1949) 


This irregular dyke crops out W. of Tooborac, and is 4 milcs long and up to 
4 mile wide; its area is 1:5 squarc miles (Fig. 2). The trend of the dyke is arcuate, 
and the curvature is nearly parallcl to the arcuate boundary of the granite to the 
south. Therc are several smaller bodics at thc E. спа, and many small dykes and 
plugs of porphyrite arc prescnt between the main dyke and the granitc. 

The dyke has been metamorphosed by thc granite (G2). The lcast altered rock, 
farthest from the granite, is a hypcrsthcnc porphyrite—scc Table 1, Pt 1. Approach- 
ing the granite, the rock lightens in colour and a schistosity appears. Nearest the 
granitc contact, the rock is thoroughly schistose, and local granitization of the 
schist has occurred in a few places. 

Only xenoliths of sedimentary origin have been found in the dyke. As the other 
intrusions in the Tooborac area contain xenoliths of mctamorphoscd porphyrite 
derived from the dyke, it is most probable that the hypersthenc porphyritc is the 
carliest intrusion. Its own metamorphic effects are negligible. 


(2) (i) MICROGRANODIORITE AT TOOBORAC 


This is a small, irregular mass, 1,000 yds long and up to 250 yds wide, which 
crops out at the eastern end of the hypersthene porphyrite G1, just W. of Tooborac 
(Fig. 2). Its composition is given in Table 1, Pt 2. Rarc xcnoliths includc sedi- 
mentary rocks and metamorphosed hypersthene porphyrite, indicating that the 
microgranodiorite is younger than G1. The westcrn cnd of the microgranodiorite is 
invaded by a mcdium-grained off-shoot of the granite G2 (Singlcton 1949, Fig, 3 
and p. 94), and this indicates that the microgranodiorite is older than G2. 


(ii) PORPHYRITIC MICROGRANODIORITE AT MT WILLIAM 


This rock is similar to the microgranodiorite at Tooborac, except for its porphy- 
ritic tcxture—see Table 1, Pt 3. The dykc is 1,600 yds long, and strikes south- 
casterly away from the granite (G2) into the greenstones of Mt William (Fig. 2). 
The biotite flakcs show a faint planar parallclism, and thc dykc carries small 
xenoliths of greenstone. A few 1-inch lenticles of quartz are also prescnt, aligned 
parallel to the biotite flakes. The dyke is similar in texture to the slightly meta- 
morphosed parts of the hypersthene porphyrite dyke at Tooborac, indicating that 
some recrystallization took place during the intrusion of G2. Hence, this dyke is 
older than thc granite, and possibly contemporaneous with the microgranodiorite at 
Tooborac. 


(ш) PORPHYRITIC MICROGRANITE 3 MILEs SE. ОЕ TooBoRAC 


At this locality, at the contact of the granite G2, and thc country rock, the 
granite intruded between closely jointed blocks of a white, fine-grained, porphyritic 
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TABLE 1 
| Dyke rocks intruded before granite, G2, of ring 


T1 Phenocrysts: Secondsries: Blotite phenocrysts are generally 
rathene porphyrite, Phenocrysts up to 5 mm] Quartz (rare); Calcic andesine; Blotite: Chlorite (after biotite);| secondary sfter ilmenite, but a minor 
Gi (from singleton, across 1а fine-grained | strongly zoned frem An, (core) to Hypersthene Muscovite (possibly after | modification bas primsry biotite 
1945, groundmaas, An o commonly veined and rimmed plagioclase). phenocryats and no hypersihene. 
with oligoclsse, Ano! Hypersthene 15 usually rlmmed by sec- 
Groundmsas: Accessories: ondsry biotite, limenite, and rare green 
Quartz, Orthoclase, Plagioclase, llmenito, Apatite, Zircon, Pyrite (rare), | hornblende. 


Biotite (pale yellow 


Spotted appesrsnce, fine- 


ЕТУП Phenocrysts: Secondaries: liyperathene is completely replaced by 
grained groundmsss, Andesine; zoned from Ап, (core) to Biotiie A brown, isotropic msterlal| clota of yeilow to dark brown biotite; 
Mage i An,,, In aggregstes; oligoclase rims (primary) із preaent In the corce of| spalite, ilmenite, and rsre green born- 
(An, 0) sre wider, commonly s5soc- plagioclase crystale; some | blende are associated. 
isted with clots of blotite; 2 have muscovite flakes 


assoclated, 
Groundmass: Accessory: 


Quartz and fetdepar intergrowths; Iron ore (disseminsted through ground- 
Biotite. 


ge 2 Lighter grey colour; fine4 Phenocrysts: Clots of biotite (efter hypersthene) are 
grained groundmasa is | Sodic andesine (core, An,,) zoned to — Biotite more scattered, flakes are larger; 
echistose or grano- сз1сїс oligoclase (An, 5), In sggregates; (clots), small amounts of green hornbiende 
blastic. oligocisse rims(An 0 are wider; apatite, and sphene are associsted, but 
> qusrtz Is азво ао no Птепіќе, 
Groundmass: 
]ntergrowths of quariz, orthociase, and oligoclase; Biotite. 
age 3 Fine-gralned ground- Blastophenocrysts (or Porphyroblasts): Large garnets are present in one thin 
таяз, schlstose or Jackeied plagioclase; cores are zoned from sodic — Blotite (redder than 1n | section from Hayes’ Hill, ү 
granoblsatic. andeslne (An, .) to cslclc ollgoclase (An, ); stages 1 and 2), 
30 
oligoclase rims sre Anag? 
Groundmass: Accessories: 
Qusrtz, orthoclase, oligoclase, Bjotite. Ilmenite, Apaíite, Zircon, Tourmallne, 
liornblende. 
Бут 2 Phenocrysts: 


Some ioteratitis] biebe of myrmekite 
and a few large poikiliths of orthoclaee 
are present, 
Modal Compoeltion: 

Quartz 16% 

Orthoclase 11 

Piagioclase 50 

Biotite 20 

Hornblende — 3 


100 Acceasories 0.1% 


Fine-grained, has a few 
phenocryste up to 12 mm 
acroas, 


Hornblende; prismatic, not abundant, 

‘Groundmsss: 

Quartz; Orthoclase; plagioclase, zoned from calcic  Biotite; Hornblende 
andeeine (core, An 48) to sodic oligoclase (Ап i5 

Accessories: 

lron ore, Zircon, Apatite, Sphene, АПаліќе 
Secondaries: 


Rare aggregstee of colourless, fibroue amphibole are poasibly after pyroxene, 


icrogranodiorlte at 
borac (from Single- 
1949) 


ART 3 Phenocrysts: Secondarles: Slightly metamorphosed, 
ritic mlcrograno- Phenocrysts up to 4 mm Quartz; Andesine (aggregates of seversl Chloriie (after blotite); 
te at Mt Willlam | across in fine-grained ^ jindividuals); Biotlte. Sericite (after plsgioclase) 
Ts. 8367) groundmsss. Groundmars: Accessories: 


Quartz; Orthoclase; Biotite. Zircon, Hematite, Apatite, Magnetlte. 


PART 4 


orphosed porphy- 
Tite microgranite (T.S. 
314). 


Groundmass hsa patcbes of different 
graio-aize. 


Blaatoporphyritic, fine- 


Quartz (anhedrs!, and deepiy embayed);  Orthociase (anhedral); 
grained groundmsas. 


Oligoclase (anhedral). 


iroundmass: Accessory: 
uartz; Orthoclaae; Blotite (rsre): limenite, 


Muscovite, 


microgranite. The rock has been thoroughly reerystallized (see Table 1, Pt 4), 
and must be earlier than G2. 


(3) (i) GRANITE G2 


This is the second-largest intrusion in the Cobaw Granite; its exposed area is 
61-7 square miles. It forms a nearly complete ring around the granodiorite G3, and 
varies in width from a minimum of 400 yds N. of Baynton to a maximum of 
A 2:8 miles at High Camp and Piper’s Ck. The average width is 1:2 miles. The 
western contact with the country rock is concealed beneath Tertiary basalt, so here 
| the ring appears narrower. North of Cobaw, the granite ring is interrupted by the 
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porphyritic granodiorite G4, of the Cobaw Ranges (Fig. 2). However, as the 
granodiorite carries xenoliths of granite, and also large perthite phcnocrysts, it 
seems very probable that the granite originally extended through this area, and was 
breached by G4. 

Exposures of fresh granite are rare. Near Kyneton, the granite is pale grey and 
porphyritic, with 1” phenocrysts of perthite set up to 2” apart in a grey, mcdium- 
grained matrix. Near High Camp, the rock is bluish grey and not notably por- 
phyritic, though its grain-size is uncven. The wcathercd granite seen clscwherc is а 
coarse-grained, quartz-rich rock, in which perthite phenocrysts are abundant. Good 
exposures of the granite are found in Mollison's Ck at Pyalong, and in the creek 
ł mile E. of Sugarloaf Hill, Sidonia. 

The petrographic description of the granite is set out in Table 2, Pt 1. The 
ratio of K-felspar to plagioclasc places the rock among thc calc-alkalinc granitcs 
of Nockolds (1954). 


TABLE 2 
Granite, G2, and dyke rocks intruded before granodiorite, G3 


TEXTURE MINERAL CONTENT 


Phenocrysts: Perthite; Carlabad twInning la common, 

Groundmass: 

Quartz (contains In - Perthlte (exsolved plagio- Sodic ^ andesine, Ап; 

numerable, minuto, clase ls Ano ‚ Сзісіс where zoned, cores sre 

Irregular Inclusions); albite); ususily carlsbad middle andesine, Ал, and 
twinned; rima are calcic oligóocfaso, 


Muacovite Is present In wo @ 

1. Large, anhedral crystals with 
cleavage well &hown; regir! 
primary, 

2. Compiex, irregular webs, orsak?" 
crystals, or groups of small eri" 


PART 1 
Granite of ring, G2 (cslc4 Phenocrysts up to 25mm 
alkaline granite, T.S. long, in coarse-grained 

8327-8346 incl.). groundmass, 


Anse , in feldnpar; regarded ag secon 
Biotlte; X=pale straw yellow, Accessorles: Serleite bas formod in the corti! 
Y= 22 deep red-brown; usually in Zircon, Apatite, Magnetite, Allsnlte, | plagioclase crystals, 
aggregates Hematite, Muacovite (primary), Garnet, | Modal Composition: granite of Тоо" 


area, from Singleton (1949, P 
corrected to 100%. 

Quartz 43% 

Perthite 32 

Pfagiocísao 18 

Biotite эл и 
100 Accessories (/* 


Phenocrysta sre absent from themi™ 
granite east of Back Creek, 


Hornbiende, Rutile, Monszito. 


Secondaries: 
Kaolin (after orthoclase); Sericite (after plagioclase); Chlorite and rare sphene 
{after biotite); Muscovite (after both feldspars); Limonite staining. 


PART 2 Phenocrysts: 

Quartz, Orthoclase, Oligoclase, Biotite. 
Groundmasa: Accessory: 
Quartz, Orthoclase, Oligoc!ase, Magnetite. 


Biotite, Muscovite, 


fine-grained, sllotrlo- 
morphic groundmass, 


(chilied border phase, 
T.S. 8368-8371, Incf.). 


Phenocrysts: Accessories: 
Quartz, Orthoclase, Oligoclase, Biotite Muscovite, Magnetito, Zircon, Apatite. 
Groundmass: Secondaries: 

Quartz, Orthoclase, Oligoclase, Biotite Chiorite (after biotite). 


PART 3 
|Porphyritic microgranite 
between Pyalong and 

Glenarous (T.S. 8475). 


Phenocrysts up to 5 mm 
across in fine-grained 
groundmass. 


PART 4 Phenocrysts: Acceasories: Biotite has been largely repisced® 
Porphyritic microgranite | Phenocrysts up to 6 mm {Quartz (bipyramidal), Orthoclase, Garnet, Topaz, Zircon. chlorito, 
dykes: Scross in fine-grained | Oligoclase. 
1, Most easterly dyke | groundmass. Groundmass: Secondaries: 
(T.S. 8372). Quartz, Orthoclase, Oligoclase, Limonite, Chlorite, 


Biotite, Muscovite, 


Phenocrysts: Secondaries: 

Quartz (rounded and embayed); Orthoclase (sbundant, forms Chlorite, 

spherulites); Andesine (serlcitized); Blotite (green, not common), Leucoxene, 
х Serlcite. 


Chloríte pseudomorphs after blotite™ 
pyroxene phenocrysts are common. 
Calcite 15 present as discreto cryst 
Groundmaas 15 subordinate to pi 
сгуаів and spherulitea, and forms d^ 
crete patches, 


2. Spherulitic grano- 
phyre on north bank 
of Jew's Harp Creek 
(T.S. 8373). 


Partly porphyritle (see 
remarks). 


Groundmass: Accessories: 
Quartz, Orthoclase, Muscovite, Ziroon, Apatite, Calcite. 


The country rocks in general are undisturbed right up to the granite, and the 
contact of the two rocks is sharp and transgressive, except where local felspathiza- 
tion has occurred in Mclvor Ck at Tooborac (Pl. 32, fig. 1). In this area, veining 
of the country rock by the granite is sufficiently extensive to resemble a ‘stockwerk’ 
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(Singleton 1949). In Mollison’s Ck at Pyalong, a small granite tongue intrudes the 
Silurian sediments parallcl to the strike, and sends a number of veins of pegmatitic 
granite into joints and along bedding planes. 

Xenoliths are present throughout the granite, but arc not plentiful. They are 
described later in the section on xenoliths. 

The granitc has been little affected by thc later granodiorite G3, but W. of 
Ben Loch, close to G4, thc granite G2 is much fincr-grained than normal, and 
has an aplitic appearancc. In thin section (TS 8350), the rock is scen to be 
porphyritic, with phenocrysts of quartz, orthoclase, oligoclasc, and biotite, in an 
aplitic groundmass of the same minerals. Unlike the biotitc phenocrysts in the 
chilled border phase (Tablc 2, Pt 2) the prism faces of thc biotitc crystals are 
wispy and shredded, and this suggests that heating has occurred, for biotite is the 
first mineral in a granite to show effects of thermal metamorphism (Harker 1939, 

. 114). 

Thc ring of granite G2 is older than thc granodiorite G3, on thc direct evidence 
of dykes of granodiorite and porphyritic microgranodiorite of G3 which invade the 
granite, particularly at Sugarloaf Hill, Sidonia (Fig. 2, and Pl. 32, fig. 2); these 
are described latcr. Other reasons are given in the scction on G3. 


(ii) CHILLED BORDER PHASE 


This rock is found in patchcs along the northern contact of the granite with the 
country rock, and consists generally of porphyritic microgranite (Table 2, Pt 2). 
Microgranite cxtends for # milc along the outer contact E. of Back Ck (Fig. 2), 
but generally the chilled border phase forms a body only a few yards in extent. 


(iii) LARGE DYKE WEST ОЕ TooBORAC 


Describcd and mapped by Singleton (1949), this dyke is similar to the granite 
of the ring, but is medium-grained and equigranular, and has no flow structure 
visible. There are three off-shoots at the castern end, and many smaller scattered 
plugs are also present here (Fig. 2). 


(iv) PORPHYRITIC MICROGRANITE BETWEEN PYALONG AND GLENAROUA 


This stock is roughly rectangular (Fig. 2); its length is 2:9 miles, its width 
1 mile, and the area 2:6 squarc milcs. The composition of the body is shown in 
Table 2, Pt 3. The microgranite contains very few xenoliths, and its contact 
metamorphic effects have not been sufficient to produce a resistant ridge, although 
the northern boundary of the stock is exposed along the southern end of a 
prominent range of hills, which extends for 34 miles to the north. Aplite in masses 
several yards across is present along the northern margin of the microgranite. 


(4) (i) PORPHYRITIC MICROGRANITE DYKES 


Five dykes of porphyritic microgranite strikc N. for various distances from the 
northern boundary of thc granite. These arc the ‘elvan dykes’ shown on the quarter 
sheets 51/SW. and 13/SE. The petrography of the dykes is given in Table 2, Pt 4. 
The most easterly dyke, which strikes N. for 34 miles and is about 100 yds wide, 
carries bipyramidal quartz, and some garnet and topaz; the longcst dyke also 
contains bipyramidal phenocrysts of quartz. The dyke on the N. bank of Jew’s 
Harp Ck is an excellent example of a spherulitic granophyrc, and contains a few 
euhedral crystals of calcite. 
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(ii) METAMORPHOSED DYKES 


Some apparently normal dyke rocks proved on thin scctioning to have a meta- 
morphic texture, exactly as in the xenoliths in G2 and G3; small erystals of fcrro- 
magnesian minerals are subidioblastie, and thc small felspar grains are idioblastic. 
Large poikiloblasts of quartz and plagioelasc arc common. 

In a typical example from 24 miles NNE. of Piper's Ck (TS 8383, 8384), it is 
difficult to tell which of the large crystals of quartz and plagioclase may bc por- 
phyroblasts, and which blastophenoerysts. Crenulate margins are present between 
the crystals and the undisturbed groundmass, and this indicates an origin by 
replacement. Other crystals have clearly pushed aside thc small surrounding grains, 
so that thc rock was softened at some stage. 

Another example, 2 miles NW. of Piper’s Ck, forms a patch of small, fine- 
grained boulders at the contaet of G2 and G3. The thin sections (TS 8385, 8386) 
show a small sedimentary xenolith ineluded in the metamorphosed porphyritic 
microgranodiorite. On the Ridge Rd in the Cobaw Ranges, 24 miles WNW. of 
Ben Loch, a group of large boulders, with stecp W.-dipping joints, is composcd of 
metamorphosed microgranodiorite (TS 8387), which carries small basie xenoliths. 

Four exposures of metamorphosed dyke rocks were found in the granodiorite 
G3, along the S. margin of thc porphyritic granodioritc of Stony Ck. The exposures 
form a strip which strikes NE. for 2 miles (Fig. 2). The rocks are hornblende- 
bearing (TS 8388-8390 incl.), and so the four exposures arc probably the remains 
of a large dyke, and not a resistant bed of sedimentary country rock, as hornblende 
is absent from the normal sedimentary xenoliths, and from the hornfelses in the 
contact aureole. In addition, the most westcrly outcrop itself earries a 'second- 
eyele’ xenolith. 

These metamorphosed dyke rocks are apparently rafts and large xenoliths in 
G3 and G4, and so are older than these bodies. 


(5) (i) GRANODIORITE G3 


This rock forms the bulk of thc Cobaw Granite, and erops out within the ring 
of granite G2. The whole mass of granodiorite has a subrectangular shapc, and the 
ends are almost perfectly semicircular (Fig. 2). It has an area of 127 square miles, 
excluding the areas of the intrusions at Stony Ck and O'Connor's Hill. 

The typical granodiorite is a handsome, medium-grained, speckled rock. Fresh 
specimens are pale bluish grey, and slight variations in grain-size are ubiquitous. 
The rock is described in Table 3, Pt 1. Xenoliths are plentiful throughout the 
granodiorite, and are diseusscd latcr in the section on xenoliths. 

An adamellite phasc is present in the centre of the eastern half of the granodioritc 
(Fig. 2, Table 3, Pt 2). The adamellite is more leucocratic than the granodiorite, 
and contains 7096 felspar and 6% ferromagnesians against 52% and 10% for 
the typical granodiorite. Otherwise the mineralogy is thc same as that of thc grano- 
diorite, the grain-size is only slightly finer, and xenoliths in the adamellite are as 
numerous as in the main oody of the granodioritc. No contaet betwecn the two 
rock-types was ever seen in the field. Similar occurrences have been reported by 
Piteher (1953), and mentioned by Balk (1937, p. 67-68). 

'The granodiorite E. of O'Connor's Hill and N. of the Cobaw Ranges is coarser- 
grained than the typical granodiorite G3, and also carries 12 mm phenocrysts of 
plagioelase and some of perthite. No boundary with thc main granodiorite was 
found; there was merely a gradual decrease of the phenocrysts away from this area, 
suggesting that this phase is similar in its occurrence to the adamellite phase. The 
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TABLE 3 
Granodiorite, G3, and granodiorite of Cobaw Ranges, G4 


MINERAL 


omo  micrographic intergrowth o 
quartz and orthoclase is present in a 
few thin sections, 

Allanite crystala reach 2mm In length, 
and fresh specimens show concentric 
zoning. 


Essentials: 
Quartz; contalns ln- mleroperthite; Carisbad Middle andesine, Anas 
numerable tiny, Irregular twinning is rare; accom- where zoned, cores аге 
Inclusions, and soma panied by microclinein & calcic andesine (An, 4), and 
needles of ?rutlle, few thin sectlons, but this rims are calcic oligoclase 

15 Uncommon. (Ang, . Some oscillatory 


Medium-gralned, equl- 
granular, hypidiomorphiq 


rite, G3 (main 
massif, inside 
Ux ol granite, G2; - 
TS, 203-8240 |пс1.). 
Moda] Composition: 


Quartz 38% zoning present, and also} Primsry sphene is anhedral, and 
Microperthite 1? JacketlIng of sndesino Ъу | вррсагз (о be а late-atage mineral. 
Andesine 35 more sodic plagioclase. Augite 13 found only as remnants in- 
Biotitc 9 Blotite; two plcochronic — llornblende; prisms up to Secondaries: side aggregatea of  tremolite and 
Í Mornblende x IST varieties are present: 7mm long; generally Chlorite and sphene (after | actinolite. 

100 1. Х=ра]е straw yellow, X=pale yellow-green blotite), Garnet 1з colourless and unaltered. 

Others 0.2 Ye Z=dark greenish Y=olive green, Sericlte (after plagioclase), | Pyrite is always rimmed with hematite. 
Total feldspar = 52%, brown (western half of Z»dark green; In some Kaolin (after orthoclase), Sericlte 1s found In every thin section, 
Total ferromagnesians = 10%. G3); thin sections, Tremolite and uctinollte|and has formed in the most calcic 

2, Х= pale brownish Хе greenish brown, (after pyroxene), parts of the plagioclase crystals, 


yellow, Y= reddish brown, Calcite, Chlorite 1s very common alter biotite, 
Y» Zedark reddish Z* rud brown, Muscovite, and 15 almost invarishly.accompanied 
brown (eaatern half of Limonite, by grains of sphone in strings along 
G3). the cleavage of the original blotite. 
Accessorles: Calcite forms discrete crystals in some 


thin sections. 

Uralitic aggregates after pyroxene have 
cores of colourless tremolite, sur- 
rounded by green actinolite, and rlm- 
med with dark green hornblende. 
Modal Composition {average of T.S. 
8243 and 8244): 


Zircon, Apatite, Allanite, Magnetito, llmenlte, Homatite, Spbene, Augite, Garnet, 
Epldote, Clinozolsite, Pyrlte, Chalcopyrite, 


As for granodiorite G3 (see above). 


Medium-grained, equi- 


ern half of grano- | granular. Quartz 24% 
te G3 (T.S. 8241- Microperthite 29 
incl). Andesine 41 

Biotite AN 
100 

Hornblende 0.1 

Others 0.2 


Total feldspar = 70%, 
Total ferromagnesians = 


6% 


Phenocrysts: Perthite (up to 40 mm, Andesine;  Biotite (rare); |Augite 1s replaced direotly by. horn- 
Phenocrysts up to 40 mm [Quartz (up to 5mm long); exsolved plagio- Hornblende (rare). biende, (In contrast to G3). 


ofthe Cobaw Ranges, Modal Compositlon (average of Т.З, 


long In medium to across); clase is albite Any B 

ÍL3.8278-8299 incl., | coarse-gralnod ground- generally Carlsbad . 8290 and 8321): 

X 8321). mass. twinned, 
Groundmass: Secondaries: Orthoclase 22 This analysis 
Quartz, Orthoclase, Andesino, Biotlte, Hornblende ^ Chlorite and sphene (after Andesine 35 excludes the 
Accessories: biotite), sericite (aftor Biotite 8 large perthlte 
Zircon, Apatito, Auglte, Sphene, Allanite, plagioclase), Kaolin (after | Hornbicnde , 1, phenocrysts. 
Magnetite, Шпепіќе, Epldote, Hematite, Pyrite, orthoclase), Muscovite 100 

Others 0.3 


Modal Composition (average of Т,5, 


“tanod Medium-gralned, 8305 and 8306): 
Hase of G4 (T.S, 8300- |equigranular, : Secondarles: Quartz 33% 
E Incl), As for G4 (above), plus Hornblende, Аз for Gt (above). Orthoclase 24 


Andosine 37 Hornblende 0,3% 
Biotite 6 Others 0.1% 
100 


coarser granodiorite (TS 8326) has less perthite and more andesine than the typical 
granodiorite, otherwise the rocks are similar. The phenocrysts and xenoliths have 
а vertical planar orientation at one locality (Fig. 8). 


DYKES OF GRANODIORITE G3 WHICH INTRUDE THE GRANITE G2 


There are at least two of these dykes; the larger one at Sidonia (Fig. 2) extends 
for 14 miles E. from Sugarloaf Hill, and the smaller dyke, situated 44 miles NE. of 
Baynton and 1 mile E. of Back Ck, is 4 mile long. Both dykes are parallel to the 
contact of G3 with G2. 


| С 
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The dyke at Sidonia provides the best evidence that the granodiorite G3 intrudes 
the ring of granite G2, and hence is younger. The western half of the dyke is 
identical with the typical granodioritc G3, both in hand-specimen and in thin 
section. East of Sugarloaf Hill, the dyke divides into two parallcl branches, and a 
third, smaller off-shoot trends S. Scveral excellent exposures of thc contacts of the 
granite and the granodiorite can be seen in thc creek 3 mile E. of the hill (P1. 33; 
and Pl. 34, fig. 1), and both branches dip at 45? S. towards thc main granodioritc. 
Xenoliths of granite are present in the granodiorite, and therc are many places 
where the granodioritc of thc S.-trending off-shoot transects the E.-W. planar 
orientation of the perthitc phenocrysts in thc granite (sec below). 

E. of the creek, thc N. branch of thc granodiorite dyke is very narrow, and has 
branches and anabranches a few feet across. Thcse contain many granitc xcnoliths 
and xcnocrysts of perthite derived from the granite. 

The bulk of the dyke is similar to typical granodioritc G3 both in texturc and 
mineralogy—i.e. it consists of quartz, andesine, orthoclasc, and biotite, and thc 
usual accessories (Т5 8258, 8259). Towards the eastern cnd, hornblendc is absent, 
and the rock is porphyritic and vcry similar to the much smaller dykc which intrudes 
the granite 3 miles N. of Baynton (described below). Thc biotitc flakcs havc a 
planar orientation which is parallel to the margins of thc dykc. 

The other tongue of granodioritc, 44 miles NE. of Baynton, is much smaller 
and not nearly as well exposed. It lacks hornblende, but otherwise is typical mcdium- 
grained granodiorite (TS 8261-8263). 

Several dykes of porphyritic microgranodiorite, which are dircctly connected 
with the main granodiorite body, intrudc the granite at a locality 14 miles SW. of 
Hayes’s Hill. The dykes arc 3 or 4 ft wide, and contain xenoliths of granite and 
country rock. Thesc dykes cut across the planar structure of the granitc, and thc 
biotite flakes in the microgranodiorite have a planar orientation of their own, 
parallel to the walls of the dykes. The dykes have aplitic cdges, and are somewhat 
heterogeneous; they contain biotitc-rich schlieren, coarsc patches, fine patches, and 
non-porphyritic patches. Small irregular veins of microgranodiorite have been 
injected into the granitc. 

In general, the contact of G3 with G2 is concealed, but where cxposed it is 
sharp and distinct. The contact surface is smooth and even, but seldom maintains 
a constant direction for more than a few fect. Apophyscs of granodioritc invade the 
granitc in many places, and in these the rock is commonly porphyritic. A vcin of 
aplite up to 1” wide occurs between the granite and the granodiorite, but it is 
usually associated with thc smaller apophyses rather than with the main contact 
of the two rocks. A similar feature has bcen noted by Pitcher (1953) in the Rosses 
granitic complex. 

The granodiorite G3 is younger than the granite G2 for thc following reasons: 


(i) At Sidonia, a large forked dyke of granodiorite G3 intrudes G2 (Fig. 2); 
it contains xenoliths of granite (Pl. 34, fig. 1), and has a platy flow structure parallel 
to the contacts with the granite. A S.-trending off-shoot of this dyke cuts clcanly 
across the planar structure in the granite. 

(ii) At many other localities along the contact of G2 and G3, the granodiorite 
cuts across the planar structure of the granitc. 

(її) Near the contact SW. of Haycs's Hill, three detached blocks of granite, 
each measuring sevcral yards across, are cnclosed in the granodioritc (Fig. 2). 
The largest appears to have moved only a short distance from its original position, 
as it fits into a corresponding embayment in the main body of the granite. 
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This intrusion, which crops out N. of Cobaw, has an area of about 15 square 
miles, and is elongated parallcl to the main axis of the Cobaw Granite (Fig. 2). 
It intcrrupts the southern part of the granite ring for 6 miles. Owing to dense forest 
cover, m only fresh exposures are provided by recently blasted boulders along the 
Ridge Rd. 

The granodiorite is medium to coarse-grained, and in contrast to the speckled 
bluc-grey granodiorite G3, fresh specimens are a smoky blue-green, and contain 
large salmon-pink phenocrysts of perthite, ranging from 15 mm to 40 mm long. 
Smaller phenocrysts of quartz and plagioclase arc up to 5 mm across (Table 3, 
Pt 3). The perthite phenocrysts are abundant in some places and fewer in others. 
They appear to be particularly common and at thcir largest in the middlc of the 
intrusion. Small microgranodiorite dykes, about 2" wide, cut the granodiorite at one 
or two localities. The dykes have transitional margins with the host rock, and 
in places are accompanied by basic schlieren and elongate masses of pegmatite 1 to 
2 ft aeross. 

The contact between G4 and the Ordovician country rock is sharp and trans- 
gressive, and the sediments are undisturbed. Thc eastern junction of G4 and the 
granite G2 is similarly eross-cutting; the western junction is not exposed. However, 
the contaet of G4 and the granodiorite G3 is a zone of transition some hundreds 
of yards wide. 

Along the southern and eastcrn margins of G4, the granodiorite is non-porphy- 
ritic; both the large perthite crystals and the smaller quartz and plagioclase pheno- 
crysts are absent, and the rock is evenly medium-grained. Otherwise, the grano- 
diorite has the samc mineralogy and тойс (Table 3, Pt 4) as the bulk of the 
intrusion, and the reason for the absence of phenocrysts is not fully understood. 
Howcver, the slightly greater abundance of the large perthitc phenocrysts in the 
centre of the intrusion, in line with thc ring of granite G2, indicates that they may 
be xenocrysts derived from the granite, and their large size suggests that some 
assimilation of the granitc G2 by the granodiorite G4 occurred. Their numbers 
could then be expected to lessen away from the region of assimilation, and this is 
found to be the casc. 

Rare xenoliths in G4 are of two types: coarse-grained granite, and medium to 
coarse-grained ‘dioritic’ rock. The first type are identical in appearance with the 
granite G2 of the ring, and must have been stoped off during the intrusion of G4. 
The second type have a very pale speckled appearance, and consist essentially of 
orthoclase and andesine, the latter much sericitized (TS 8416). The other minerals 
present are mainly quartz, biotite (almost completely altered to chlorite and sphene), 
and hornblende (practically unaltered). The origin of these xenoliths is not known. 

As G4 has a transitional contact with G3, it must have been emplaced soon 
after the latter, and before the granodiorites of O’Connor’s Hill and Stony Ck, as 
these have much sharper contacts with G3. 


(7) PoRPHYRITIC MICROGRANODIORITE DYKE N. OF BAYNTON 


This dyke, which may be a direct and contemporancous off-shoot from the 
granodiorite G3, crops out 3 miles N. of Baynton. It is 970 yds long, and three 
small isolated outerops of the same rock-type are exposed within 600 yds of the 
eastern end (Fig. 3). The rock is pale grey, of medium to fine grain, and porphy- 
ritic. Specimens taken at intervals from W. to E. along both branches of the dyke 
(Table 4, Pt 1) show a relative increase towards the east in the eontent of silicon 
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Fic. 3—Geological map of the porphyritic microgranodiorite dyke situated 3 miles 
N. of Baynton. 


and sodium. The contacts of the dyke with the granite G2 are sharp, and thin 
layers of aplite are commonly present between the two rock-types. Occasional 
xenoliths of granite are present. The rock contains no hornblendc, and is similar to 
the roek at the eastern end of the granodiorite dyke at Sidonia, which contains 
hornblende in its western part but none in the east. 

One of the isolated exposures E. of the main dyke is of interest, as here the 
porphyritie microgranodiorite clearly filled a fissure formed by the displacement of 
blocks of granite along joint planes. The biotite flakes of the microgranodiorite 
show a strong platy flow structure parallel to the walls of the fissure. 


(8) PORPHYRITIC MICROGRANODIORITE OF O’CONNOR’s HILL 


This body, which forms a group of prominent hills, erops out over an area of 
1:2 square miles in the middle of G3 (Fig. 2), and a small off-shoot lies 4 mile to 
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TABLE 4 
Minor intrusions emplaced after G4, mostly in central part of massif 


Weatern end of dyke, Т.В. 8264: 

Phenocrysts: Quartz, Andesine, Blotite Groundmass: Quartz, Orthoclase, Ande- 
sine, Biotite, 

Accessories: Zircon, Apatite,Ilmenlte, Secondaries: Chlorite, Sphene, Sericite, 

Garnet, 


440 yards to the eaat, Т.З. 8265, 8266: 


REMARKS 
roportion of phenocrysts in total rock 
lessens from west to east, 
Modal Composition: 
1. Rock at western 2, Rock 660 yards 
end of dyke (T.S. to the east (T.S. 
8264). 8268), 


J BART 1 
| Rarphyritic micrograno- | Phenocrysta up lo 5 mm 
dorite dyke north of acrass in fine-grained 
Bayston (total continuous | groundmass, 

Jengh = 970 yards; 
T.S, 8264-8271 Incl.). 


\ Phenocryats: Quartz, Orthoclase, Groundmass: Quartz, Orthoclase, Ande- | Quartz 24% Quartz 40% 
| Andesine, Biotite aine, Blotlte. Orthoclasa 15 Orthoclase 14 
Acceasories: As above, plua allanite, Secondaries: As above. Plagioclase 49 Piagioclase 40 
Further along both branches to eastern end of dyke, Т.З, 8267-8271: Biotite _ 12 Blotite | 6 
Fhenocryats: Quartz, Orthoclase, Grountmass: Quartz, Orthoclase, Oligo- 100 100 
Oligoclase, elase, Biotite (leas). Others 0.6 Others 0.2 
Accessorlea: As abovo Secondaries: Аз ahove. " 
PART 2 Phenocrysta: Accessorics: roundmass is aplitio in appearance 
-Porphyritic micro- Phenocrysts up to 4 mm | Qusrtz, Andesine, Biotite, llornblende Ziroon, Apstite, Hematite, Iimenite. arid texture, 
granodiorite. of scross in fine-grained Groundmass: Secondaries: 


©'Сопгог'в Hill (T.S. 
9274-8276 inct,). 


groundmasa, Quartz, Orthaclase, Oligociase, Chlorits and aphene, Sericite, Limonite 


Biotite, 


PART3 Phenocrysts: Accessories: 
Porphyrltic granodtorlte |Phenocrysts up to 16 Oligociase (with zoning and exsolution): Zircon, Apatite, Ore minerals, 


<f Stony Creok (Т.З. 
8222), 


across in fine-grsined 
groundmasa with a ‘anit- 
and-pepper’ appearance 


Biotite (rare); Hornhlende (rare). 
Groundmsas: Secondaries: 

Quartz, Orthoclase, Plagioclase Chlorite and sphene, Serlcite, 
(zoned from andesine (core) to 
oligoclase), Biotito, Hornblende. 
Essentials: 
Quartz, Orthoclssc (perthitic In some grains), Andesine, Biotite, 

Accessories: 

Hornblende (up to 6mm long), Zircon, Apatite, Allanite, Ore minerals, Sphene 
Secondaries: 

Limonite, Chlorite and aphene, sericite (rare). 


| |PART4 
(Coarse-grained grano- 
diurite plug (T.S. 8323- 
£325 acl). 


Coarse-grained, with a 
small amount of micro- 
graphic groundmass, 


the north-east. Petrography of the rock is given in Table 4, Pt 2. 

The contact of this body with G3 is nowhere exposed, but at four places around 
the contact zone, boulders of granodiorite finer in grain than the typical G3 were 
found. A thin section (TS 8277) of this rock shows it to be recrystallized grano- 

| diorite (G3). The scction contains aggregates of many small biotite grains, com- 
monly grouped around hornblende crystals. Larger biotitc crystals are frayed at the 

edges, and small grains of magnetite have formed in the biotite. Some large horn- 

| blendc and biotite crystals show replaccment by the quartz and felspars. Meta- 
morphism of the granodiorite G3 by the microgranodiorite is indicated. 

The main microgranodiorite intrusion contains at least four rafts of G3 grano- 
diorite, the largest 220 yds long. These stand out in the landscape as sizeable core- 
stoncs, in contrast to the much smallcr boulders of microgranodiorite. Also present 
in this body are four substantial masses of aplite which form the tops of adjacent 
hills, suggesting that they are the remains of one flat sheet. The aplites are quite 
normal—Tablc 6, Pt 3. А 

The porphyritic microgranodiorite of O'Connor's Hill is clearly later than G3, 
as it has caused recrystallization of the granodioritc, and contains rafts of it. It 
is older than thc granodioríte of Stony Ck, as plugs of this rock have been injected 
along the contact zone of G3 and the microgranodioritc. 


(9) РОКРНҮКІТІС GRANODIORITE OF STONY CREEK 


This intrusion occupies an area of 1-8 square miles, and lics 1 mile N. of the 
Cobaw Ranges, immediately S. of the porphyritic microgranodiorite of O'Connor's 
Hill (Fig. 2). The long axis of thc body is parallel to that of the Cobaw Granite 
massif. А small off-shoot is situated 2 miles to the north-east, slightly finer-grained 
than the main Stony Ck body. The rock has a distinctive porphyritic appearance, 
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with ovoid phenocrysts of felspar up to 15 mm long, set in a fine-graincd ‘salt and 
pepper’ groundmass (Table 4, Pt 3). Except for its texture, the rock is similar to 
the typical granodiorite of G3, and the contact betwcen the two rocks is sharp. 
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(10) COARSE-GRAINED GRANODIORITE PLUG 

This plug, which measures 250 yds across, crops out 1 mile SW. of Baynton, 
and is associated with the two off-shoots from the intrusions at O'Connor's Hill 
and Stony Ck (Fig. 2). It is very like the granite G2 in appearance, except that 
it contains prisms of hornblende up to 12 mm long. The pctrography of the rock 
is summarized in Table 4, Pt 4. No contact with host rocks is exposcd. 


(11) Ебнт SMALL INTRUSIONS ASSOCIATED WITH G4 
These intrusions occur in thrce groups around the margin of G4, and are 
numbered from 1 to 8 in Fig. 2. Pctrographic descriptions appcar in Table 5. 


TABLE 5 
Eight small intrusions around margin of G4 


XTUDE REMARKS 
1. Porphyritic micro- Phenocryste up to 4 mm | Phenocrysts: Accessories: Modal Composition: Quartz sí 
adamellite (Т.З, 8319, |long in fine-grained, Quartz, Orthociase, Biotite Hornblende, Zircon, Apatite. (average of Т.З. Orthoclsse 7 
8320) Groundmass Secondaries: 8319 and 8320). Plagioclase 1 
Quartz, Orthoclase, Oligocisse. Chlorite, Sericite. Parts of the dyks Biotite E 
bavs more plagio- 1% 


ciase thanorthoclase, Hornblende D 


Accessories: 
Hornblende, Zircon, Apatite, Allanite, 


Phenocryats: 
Oligoclase, intergrown with a small 


2. Fins-grained granite 
(T.S. 8317) 


Has a few phenocrysts up 
to 5 mm long. 


. Porphyritic micro- 
ndsmellite (T.S. 8313, 


3. Porphyritic horn- 
blende granodiorite 
(T.S. 8318). 


amount of orthocisse. 
Groundmass: 
Quartz, Orthoclase, Oilgoclase, 


Medium-grained. Phenocrysts: 
Andesine. 
Groundmess: 


Quartz, Orthoclase, Oligoclase, 


Pbenocryste up to 3 mm 
long in fine-grained 


Pbenocrysta: 
Quartz, Orthoclase, Andesine, Biotite, 


Sphene, Magnetite. 
Secondaries: 
Chlorite, Serlcite. 


Accessories: Hornblsnde te sbundant 
Zircon, Apatite, Ore minerals. 


Chiorite, Sericite. 


Andesine phenocryste are эё 


Acceasories: 
zoned. Modal Composition 4 


Zircon, Apatite, Ore minsrals. 


8314). (everage of Т.З. Quartz 
Secondaries: 8313 and 8314): Orthociase 24 
Quartz, Orthoclase, Andesine, Biotite, Chlorite, Sericite, Plagioctase 2 
Hornhlends Biotite + 
Homblende 1 
100 
Others 2 


. Hornblende grano- 
diorite (T.S. 8316). 


. Porphyritic micro- 
granodiorite (T.S. 


8315) 


7. Porp 


(T.S, 8312). 


Phenocrysts (rare); 
Otigociass. 


Groundmaaa: 

Quartz, Orthocisse, Oligocisse, Biotite, 
Hornbiende. 

Phenocryats: 

Quartz, Andesine, Biotite 
Groundmasa: 

Quartz, Andesine, Biotite. 


Phenocryats up to 15 mm 
long in fine-gralned 
groundmsss, 


ritic microgranodiorite, not thin sectioned, 
8. Uralite dolerite 


Medtum- grained, ophitic, | Essentials: 


Secondaries: 
Chrysotile (aggregates); Tremolite aad Actinolite; Sericite. 


Sodic Isbradorite (Ang); Hornblende; Titanaugite; Пепе (skeletal); Apatite. 


Accessoriss: 

Zircon, Apatite, Ore minerals. 
Secondsries: 

Chlorite, Sericite. 


Hornbisnde is abundant. Rock bas? 
dark, speckled appearance, 


Biotite phenocrysts are aggregate? ‘ 
small individual crystals, 


Accessories; 
Hornblends, Sphene, Zircon. 


Labradorite forms albite-twinned ia 
Titanaugite is bright pink and strof 
pleochroic, Chryaotils may be АУ 
olivine. Tremolite und actinolite 97 
after augite 


The three largest intrusions (No. 1, 2, and 3) form one group near the castern 
end of G4, on the road from Lancefield to Baynton (Fig. 2). They consist of a 
large elongate body of porphyritic microadamellite (1), a smaller mass of fine- 
grained granite (2), and another of porphyritic hornblende granodiorite (3). The 
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second group (No. 4, 5, and 6) is situated at the western end of G4, N. of the 
road from Cobaw to Piper’s Ck, and comprises a dyke of porphyritie miero- 
adamellite (4), a plug of fine-grained hornblende granodiorite (5), and a smaller 
plug of porphyritie microgranodiorite (6). Lastly, two very small outerops (No. 7 
and 8) are present 23 miles NNE. of the second group, E. of the road from Piper's 
Ck to Baynton. The first is a plug of porphyritie mierogranodiorite (7), the second 
an exposure of uralitized dolerite (8), which contains sodie labradorite and a very 
bright pink variety of titanaugite. The occurrence and origin of this dolerite remain 
uncxplained. 


(12) PoRPHYRITIC MICROGRANODIORITE AND PORPHYRITIC MICRODIORITE DYKES 


In contrast to the porphyritic mierogranites (4) which intrude the country rocks, 
the porphyritie mierogranodiorites and microdiorites crop out entirely within the 
Cobaw Granite, though strikes are again generally N.-S. Most of the dykes are 
mierodiorites; petrographie deseriptions are summarized in Table 6, Pt 1 & 2. The 
dykes have been found only in the western half of the massif, but this is not a 
result of the mapping, as it was the eastern half that was covered in more detail, 
during the study of the xenoliths. 


TABLE 6 
Final minor intrusions 


MINERAL МАК. 
Accessorics: Biotite is slmost completely replaced 
orphyritic micro- Phenocrysts up to 5 mm [Quartz (corroded by groundmsss); Zircon, Sphene, Hornblende, Allanite, |by chlorite. Groundmass is pstchy, 
granodiorite dykes across In fine-grsined Andesine (euhedral). Ore minerals some areas have minute micrographic 
(Т.З. 8376-8378 Incl.). |groundmass. IGroundmass: Secondaries: intergrowths, othcr parts aregranular, 
IQusrtz, Orthoclsse, Sodic plagioclase Epidote, Chlorite, Sericite. 
З Blotite, 
ART 2 : Accessories: Groundmass is genorally patchy; small- 
orphyritic microdioritc | Phenocrysts up to 7mm /Orthociase (not common); Oligoclsse Zircon, Apatite. scale spherulitic or mlcrographicinter- 
dykes (T.S. 8379-8382 scross In fine-grsined or Andesine {commonly euhedrsl); growths form pstches in the more 
groundmass, Biotite (not common), granular msterial, 
Secondarles; Plagioclase phenocrysts are replaced 
Jue rtz, Orthoclase, Oligoclsse, Biotlte. Muscovite, Chlorite, Calcite. by aggregates of calcite andmuscovite, 
and calcite and chlorite, In Т,З. 8382. 
Essentiais: Accessories: A bright orange, isotropic mineral in 
Variable; sreas of IQusrtz, Orthocisse, Oligoclaso, Biolito, Zircon, Ore min- | T.S. 8357 may be s chlorite. 
minutely delicate micro- |Secondaries: ersis, Muscovite, Hematite, Apatite, | Muscovite forms rosettes up to 12 mm 
grsphic Intergrowth arc |Chlorite (after blotite), Ksolin (sfter Allanite, across in T.S. 8358. 
Interspersed with areas jorthoclsse). 
of coarser granular text- 
ure in the same thin 
section. 
Essentials: Accessories: In Т.З. 8364, oligoclase exceeds 
Coarse-grained quartz 1з |Quartz, Orthoclase, Oligocisse. Muscovite, Biotite, Tourmsline, orthoclase In amount, 
commonly moulded on 
orihaclase. 


(13) (a) APLITE 


Aplite is common throughout the Cobaw Granite, both as flat sheets, and as 
thin dykes and veins generally an inch or less wide and many feet in length. The 
latter are generally straight, but a few veins are sinuous. Most of the aplite is 
found within the granitie rocks, but in Melvor Ck and Mollison's Ck, veins of 
aplite and pegmatite a few fcet long occur at the contaet of the granite G2 with 
the sediments. Aplite and pegmatite also form composite veins. 

Aplite is commonly present at the eontact of G2 and G3 (sec above), and 
large eireular bodies of aplite are also found. Four of these lie inside the miero- 
granodiorite of O'Connor's Hill, and include the three largest, each 300 yds in 
diameter and probably parts of the one sheet. Two more are present within a mile 
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of this intrusion (Fig. 2). Descriptions of the aplites are given in Table 6, Pt 3. 
The larger bodies show no difference in thin section from the small veins. 


(b) PEGMATITE (Table 6, Pt 4) 

This is not a common roek, and usually forms dykes about 6” wide, with a 
central zone of aplite up to 2” wide. At Pyalong, a tongue of granite (G2) has 
been injected along the strike of the Silurian country rock, and towards the margins, 
and in veins invading the sediments, the granite is pegmatitic; normal pegmatite is 
present at the contacts. 

The paucity of pegmatite and abundanee of aplite in thc Cobaw Granite 
indieates that the water contents of the magmas were low, even at the end of 
crystallization of the main bodies of granite and granodiorite. This is in harmony 
with the low content of other volatiles, indicated by the searcity of such minerals 
as tourmaline, topaz, and fluorite. 


(c) REEF QUARTZ 
Veins of quartz are also rare in the granitic rocks. They are more abundant in 
the eountry rocks, and 2 miles W. of Sidonia an abandoned shaft and drive follow 
a former E.-W. quartz reef in the Ordovician hornfels. Isolated rounded pieecs of 
reef quartz up to 2" across were found in G2 and G3. Thcse fragments are most 
likely xenoliths of reef quartz originally present as veins in the sediments. 


Xenoliths 
XENOLITHS IN THE GRANITE G2 


Xenoliths in the granite are few relativc to those in the granodiorite G3. In 
some places they are fairly plentiful and, where this is so, the xenoliths are 
commonly in swarms of about a dozen in an area 5 to 10 ft squarc. Solitary 
xenoliths may be up to 3 or 4 ft aeross, so possibly thc swarms of small individuals 
represent large blocks later broken up. The xenoliths lie parallel to the planar 
structure that is characteristie of the granite (РІ. 35, fig. 1). 


DESCRIPTIONS: 
XENOLITHS OF SEDIMENTARY ORIGIN (Table 7, Pt 1) 


Most of these are fine-grained and tabular, their shapc arising from the pro- 
mincnt bedding and close jointing in the eountry rocks. They are usually straight- 
sided, the eorncrs arc only slightly rounded, and embayments are rare. Thin vcins 
of granitic material commonly lic parallel to the bedding of the xenoliths. Some 
xenoliths are lentieular (Pl. 35, fig. 1), and a few arc roughly cquant; in the latter 
case a faint lineation, which probably represents the original bedding, ean gen- 
erally be made out on a freshly broken surface, and there may also be granitic 
veins injected parallel to the bedding. Very few xenoliths show strewing at the 
contact; edges are almost everywhere sharp and clean (though see Singleton 1949, 
p. 100). The xenoliths are almost invariably dark grey, and only rarcly contain 
felspar porphyroblasts. The minerals present are the same as the prineipal minerals 
in the granite, and so it appears that equilibrium betwcen the host granite and the 
inclusions has been reached. TS 8419, from a loeality 3 miles SSE. of Tooborae, is 
different from the fine-grained examples, in that the rock is eoarser-grained and 
composed chiefly of metamorphie minerals, particularly large xenoblastie eordicrite 
erystals. These were probably formed by amalgamation of smaller erystals present 
in the original hornfels, as found in Mclvor Ck, 3 miles to the NW. (cf. Tattam 
1925, p242)! 
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TABLE 7 


Xenoliths in granite (G2) and granodiorite (G3) 
[Ic EE MINERAL Ыы ш CONTEN TM сыр REMARKS | 


| Xenoliths In granite, G2. 

PART 1 

| Sedimontsry xenoliths 
(ТЗ, 8418, 8420, 8121). 


Flno-gralned, grano- 
blastic: quartz, and feld 
spar form polklloblaats 
enclosing the small 
grains of biotite and 
feldspar, Rare porphyro 
blssts sre ргезепі, 
Medlum-grsined, 
xenoblastic. 


PART 2 


Cognate xenoliths 
(T.S. 8422, 8423). 


Medium-grained 
subidiobiaatic, 


Rare porphyroblasts in 
fine-grained, grano- 
blastic groundmass. 


Sedimentary xenoliths 
(T.S, 8393-8395 Incl.) 


Helerogeneous, 


Porphyroblasts up to 6m 
across іп subidloblastic 
groundmass, 


Fine-grained porphyro- 
blastic xenollths (T.S. 
8398-5409 incl.). 


А slight patchiness 18 
present in the distributio 
of light and dark 
minerals, 


PART 5; Group (ii) 
Pipe-grained non- 
porphyroblsstic 
xenoiiths (Т.5. 8410- 
$412 іљсі.), 

PART 6; Group (111) 
Medium-grained xeno- 
Mths (Т.З. 8413- 

4 %15 Incl). 


*Dioritic' In appearance, 


XENOLITHS OF COGNATE ORIGIN (AuTOLITHS) (Table 7, Pt 2) 


a Porphyroblasts: 


Accessories: 
Zircon, Apatite. 


Porphyroblasts: 
Oligociase (T.S, 8421 only); Biatite 


(T.S. 8421 only). 

Groundmass: 

Quartz, Orthoclase, Ollgoclase or 
Andesine, Biotite (abundant). 


Secondaries: 
Chlorite (after blotite), Sericite (after 
plagioclase), 


Composed of cordierite (enclosing needles of sillimanite), and smaller amounts 
of quartz, andesine, biotite, and muscovite. 

Accessories: Secondary: 

Apatite, Zircon, Ore minerals, Spinel. Chlorite. 

Essentisis: Accessories: 

Qusrtz, Orthoclase, Oligoclase, Zircon, Apatite. 
Biotlte. 


Accessoriea: 

Zircon, Apatite, Allanite. 
Secondary: 

Chlortte, 


Oligoclase (Т.З. 8393). 
|Groundmsss: 

Quartz, Ortboclase, Oligoclase or 
Andestne, Blotite. 

The thin aection has fine-grained hornfelaic sreas of qusrtz, orthoclase, 
andenlne, biotite, ore minerals, sphene, and apatite. Other parts bave large 
slllimanite crystals containing smail grains of green spinel, and myriads of 
tiny zoisite crystals, which are arranged In patterns aimllar to herring-bone 
structure, There are patches of coarse-grained cordlerite containing silit- 
Imanite needies, granoblastic aress of roislte and slilimanite, and clots 
|compoeod solely of many small cryatals of biotite. 

Porphyroblasts: Accessories: 


Qusrtz, Oligoclase or Andesine, 
Biotite, Hornblende. 

IG roundmas4: 

IQusrie, Pisgtoclase (zoned from 
апдезіпе (core) to oligoclase), 
Biotite, Hornblende (abundant). 
Essentials: 


Sphene, Diopside, Zircon, Apatite, Hem- 
atite, llmenite, Allanite, Augite, Epidote, 
Chlorite, Sericlte, 


Quartz, Andesine, Biotite, Hornblende, Diopslde (T.S. 8411 only). 


Accessories: 
Apatite, Hematite, Zircon. 


Secondaries; 
Sericite, Chlorlte, Calcite, 


Quartz, Plagloclase (zoned from andesine (core) to oligoclase), Biotite, Horn- 

blende (more abundant than biotite), Diopsids (T.S. 8414 only). 

\Accessorica: 
hene, Apatite, Allanite, Zircon, Ore minerals. 

Secondaries: 

Bericito, Chlorlte, Calcite. 
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T.S. 8418 has no orthoclase, із slightly 
coarser-grained, and subldioblastic, 


е hornfels. 


Biotite Is very abundant, Orthoclase is| 
subordinate to plagioclase. 


A recrystallized cordierite horafels. 


ost porphyroblasts are ol plagioclase, 
Quartz in groundmass forms polkllo- 
blasts. Hornblende porphyroblasts show 
replacement by quartz of groundmass. 
Diopside is usually enclosed by horn- 
blende, 


Diopside is abundant in T.S. 8411. 
Hornbiende shows replacement by 
quartz and feldspar. 


showa replacement by 
quartz and feldspar, 


These are far less abundant than those of sedimentary origin, and only two 
were sampled. Thcy are spheroidal or ovoid and appear as biotite-rich areas in the 
granitc. In thin section the texture is very close to ordinary granitic texture, and 


they consist entirely 


DISCUSSION: 


of granitic mincrals. 


Most of the xenoliths in the granite are tabular or lenticular, and are derived 
from the Lower Palacozoic sediments. Very few were of the coarsc-graincd, hetero- 
geneous type such as TS 8419, which is rich in cordicritc. Almost all the xcnoliths 


are finc-graincd, and consist of granitic minerals. The low proportion of cordicrite- 
bearing xenoliths is a reflection of the subordinate amount of cordierite-bearing 


hornfels in the aureole, which consists mostly of sericite hornfels. Hence, nearly all 
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the blocks that were stoped off the walls during the rise of the granite would have 
consisted of quartz, sericite, and biotite (see above). The xenoliths consist of 
quartz, orthoclase, oligoclase, and biotite, an assemblage indicating the hornblende- 
hornfels facies of contact metamorphism (Turner & Verhoogen 1960, p. 514). 
The mineralogy suggests that the sericite has becn converted to felspar, supporting 
the principles of Bowen (1922). 

As the xenoliths are composed of the mincrals of granite, ‘A certain amount of 
mechanical disintegration might cause the strewing about of these products in such 
a way as to make them an integral part of the mass, but thcre should be no solution.’ 
(Bowen 1922, p. 561). This may account for the rounding of the corners and 
rare cmbayments scen in the xenoliths. The lack of debris around the xenoliths 
shows that any strewing occurred when the granite was moving, so that the debris 
was cleared away. 

The autoliths arc presumably fragments of early crystallized granite, brought up 
by the later movement of the magma. 


XENOLITHS IN THE GRANODIORITE G3 


Xenoliths in G3 are generally in large numbers (Pl. 35, fig. 2), but in places 
the granodiorite contains only a few of them. The xenoliths are usually spheroidal 
or ovoid, and fcw execed a foot in length. Owing to their fine grain, the xenoliths 
weather more slowly than the granodiorite, and so project from the surfaces of 
the boulders. In three localities the long axes of the xenoliths are parallel, but 
gencrally they show no such alignment. 


DESCRIPTIONS: 
XENOLITHS OF SEDIMENTARY ORIGIN (Table 7, Pt 3) 


In the hand-specimen these appear cxactly like their counterparts in thc granite, 
being dark and uniformly finc-grained, usually tabular or lenticular, and commonly 
veined with granitic material. A few coarse-grained recrystallized varieties also 
occur. 

In thin section, the fine-grained xenoliths have a granoblastic texturc, and small 
porphyroblasts of oligoclase are present in TS 8393. TS 8394 is of a very small 
xenolith, and shows lenticular patches of different grain-size and mineral content, 
probably indicating differences between individual laminae in the original sediment. 
TS 8396 and 8397 are cut from one of the unusual xenoliths of coarscly rccrystal- 
lized hornfels, which shows patches of different textures and mineralogy; Table 7, 
PPS: 


XENOLITHS OF IGNEOUS ORIGIN 
These are far more abundant than those of sedimentary origin. Thc hand- 
specimens show a numbcr of differences, and they can be divided into three main 
groups: 
Group (i)  Fine-grained porphyroblastic xenoliths: TS 8398-8409 incl. 
(Table 7, Pt 4). 
Group (ii)  Fine-grained non-porphyroblastic xenoliths: TS 8410-8412 incl. 
(абса T ECS). 
Group (iii) Medium-grained xenoliths: TS 8413-8415 incl. (Table 7, Pt 6). 


The three groups are distinct from each other, both in hand-specimen and 
under the microscope. 
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GROUP (i): FINE-GRAINED PORPHYROBLASTIC XENOLITHS (Table 7, Pt 4) 


These are sharply defined, pale to medium grey, ovoid patches in the grano- 
diorite (Pl. 35, fig. 2), studded with white or cream felspar porphyroblasts up to 
12 mm across. Hornblende porphyroblasts are also present, though less commonly, 
and are up to 6 mm long. Petrographically, this group can be divided into two 
subgroups. In subgroup (a), the biotite is pleochroie from reddish brown to very 
pale brown, and is more abundant than hornblende; also, Ше poikiloblastie nature 
of the quartz is prominent. In subgroup (b), the texture is rather fincr-grained and 
not so poikiloblastic, and the biotite is pleochroic from greenish brown to pale 
yellow and is gencrally less abundant than the hornblende. In addition, there is 
less quartz, and the plagioclase is lath-shaped, so that the rock has a faintly 
‘doleritie’ texturc. 


Group (ii): FINE-GRAINED NON-PORPHYROBLASTIC XENOLITHS (Table 7, Pt 5) 


These are dark, uniformly fine-grained rocks, with a slight patchiness of colour 
but no porphyroblasts. 


Group (iii): MEDIUM-GRAINED XENOLITHS (Table 7, Pt 6) 


These are coarser-grained than the xenoliths of the first two groups, and horn- 
blende is prominent in hand-specimen. They have a speckled ‘dioritic’ appearance, 
and strewing at the margins with the enclosing granodiorite is common. 


DISCUSSION: 


The first type—i.e. lenticular or tabular, non-hornblende-bearing xenoliths, are 
clearly derived from the Lower Palacozoie sediments. However, the hornblende- 
bearing xenoliths are not so easily assigned an origin, for although they are most 
probably of igncous origin, there are at least three sources capable of producing 
the same mineralogy of these xenoliths. They are: 


(a) Basie segregations (autoliths) formed carly in the granodiorite; 
(b) A chilled border phase of the granodiorite; 
(c) Cambrian basie volcanics from the country rocks. 


The first source, basic scgregations, may be represented by some of the coarser- 
grained type of hornblende-bearing xenolith—i.e. those of group (iii). These 
generally have strewed borders, and are ‘dioritic’ in aspect, suggesting their origin 
from a more mafic phase (Bowen 1922, p. 539; Turner & Verhoogen 1960, p. 157). 
Pieces of a chilled border phase, formed early in the solidifieation of the grano- 
diorite and later disrupted, could be some of the fine-grained xenoliths, with or 
without porphyroblasts—i.e. those of subgroup (i) a, and group (ii). 

Xenoliths of the third possible origin, the Cambrian basic extrusive rocks, may 
be the quartz-poor, faintly ‘doleritic’ xenoliths of subgroup (i) b. Thomas & Smith 
(1932) described an occurrence of granite intruding norite, the two rocks reacting 
to form hybrid bodies of mica diorite. Xenoliths of these mica diorite hybrids in 
the granite are very similar to the ovoid igneous xenoliths diseussed here, more 
espeeially those without porphyroblasts. Thcy concluded that many so-called auto- 
liths (basie segregations) may be true xenoliths derived from unexposed basic 
rocks. Some of the ‘dioritie’ xenoliths (group iii) could also come from intruded 
basic rocks (Turner & Verhoogen 1960). 
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Fic. 4—Schematic diagram showing possible xenolith sources available to the 
granodiorite G3, and the resulting xenoliths. 


To sum up, Fig. 4 illustratcs schematically the possible original rocks and thc 
xenoliths they could give rise to, incorporating thc views of the above authors and 
those from the present study. In view of the various sources available for each type 
of xenolith, it is possible that not all the sources have in fact been used. However, 
it is difficult to check this, except for those xenoliths derivcd from thc Cambrian 
basic rocks. Xenoliths of the other two possible origins (a and b abovc and in 
Fig. 4) could be derived from anywhcre in or around the granodioritc body, as 
there is no reason for postulating the formation of basic scgregations or an carly 
chilled phase in onc restricted part of the granodiorite. However, thc Cambrian 
rocks do form a restricted source, as they crop out along a single narrow belt in 
thc country rocks which surround thc granite massif. It seems very probable that 
this belt existed in the country rocks forming the roof abovc the granitic rocks, and 
so it was thought that any xenoliths dcrivcd from the Cambrian rocks would 
probably bc concentrated in a zone following the projected strikc of the Cambrian 
belt, assuming that there had been no convection currents in the magma. Away 
from the outcrop of the Cambrian rocks, hornblende-bearing xenoliths should have 
only been derived from the other two possible sources (a and b abovc), and so 
here their numbcrs should be fewer in proportion to the non-hornblende-bearing 
xenoliths, and in the zone following thc strike of the Cambrian bclt, their numbcrs 
should be greater. 

To test this, three traverses were run across the projected line of strike of the 
Cambrian belt, and a fourth control traversc was run at the othcr end of the 
granodiorite (G3), well away from any known Cambrian rocks (Fig. 2). On each 
traverse, at stations roughly 1,000 yds apart, fifty xenoliths were counted (or as 
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many as possible up to this number), and after examination of the hand-specimens, 
assigned sedimentary or igneous origins. The ratio: 


X, igneous (hornblende-bearing) xenoliths 


X sedimentary (non-hornblende-bearing) xenoliths 


shows a marked inerease over the line of strike of the Cambrian belt, along all 
three traverses, and no rise along the control traverse (Fig. 5). Thus there is a 
concentration of hornblende-bearing xenoliths in this zone, and this shows that at 
least some of the xenoliths were derived from the Cambrian basie rocks. As a 
point of interest, it is noticeable that the increase in the ratio along the northern 
traverse takes place over a shorter distanee than along the middle and southern 
traverses, and it seems reasonable to suppose that this resulted from the narrowness 
of the Cambrian belt north of the massif, relative to its width in the south. This 
concentration of hornblende-bearing xenoliths shows that a certain amount of small- 
scale piecemeal stoping of the roof over the granodiorite took placc. 

The overall mineralogical similarity of the xenoliths is readily explained, and 
supports Bowcn’s Reaction Principle. Changes in the scdimentary xenoliths would 
havc followed similar lines to those that took place in the sedimentary xenoliths in 
the granite (i.e. conversion of sericite to felspar). Basic segregations in the grano- 
diorite would have eonsisted initially of augite and calcic andesine or Jabradorite, 
but once hornblendc started to erystallize in the magma, the augite would have 
reacted to give additional hornblende and eventually some biotite, and the plagio- 
clase would have become more sodie. The chilled border phasc possibly contained 
some augite and calcie andesine (as well as a substantial amount of hornblende), 
and these too would have been made over to phascs later in the reaction series. 
The stoped blocks of Cambrian basic rocks were already metamorphosed to 
epidiorite bcfore and during engulfment in the granodiorite magma, and so would 
have undergone mainly recrystallization and formation of some biotite. 

The absence of orthoelase in the igneous xenoliths is interesting, and this 
suggests that only enough potassium was introduced from the magma to form the 
biotite in the xenoliths. The large crystals of andesine and oligoelase in the 
xenoliths of group (i) are euhedral, and show no signs of eorrosion. Hence, they 
are probably porphyroblasts, not blastophenocrysts, and so metasomatie introduetion 
of fclsie material (sodium and silicon) from the magma is indicated. The intro- 
duction of some eonstituents, and removal of others (mainly iron and magnesium) 
is also supported by the texture of all the igneous xenoliths, particularly the ‘dioritic’ 
xenoliths of group (iii). These show that the hornblende has becn substantially 
replaecd by quartz and plagioclase, and presumably the initial inequilibrium 
resulted from the difference in composition between the magma and the basie rocks. 
The absenee of any crowding of the small grains of biotite and hornblende around 
the felspar porphyroblasts also indieatcs that these grains were metasomatically 
replaced, and not merely pushed aside by the growing porphyroblasts. 


Structure 
CouNTRY ROCKS 


The Lower Palaeozoie rocks of the Central Victorian region were deformed 
during the Middle Devonian Tabberabberan Orogeny. The Cambrian roeks were 
complexly folded and faulted, and the detailed structure has proved difficult to 
determine (Thomas & Singleton 1957). The Ordovieian rocks were compressed 
into similar folds of small width and great vertieal extent, plunging N. or S.; the 
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Fic. 5—Results of xenolith traverses, shown in graphical form. For each traverse, 

distance travelled E.-W. (at 2 miles to 1”) forms the abscissa, and the ratio of the 

number of igneous xenoliths to the number of sedimentary xenoliths, at each station, 

has been plotted along the ordinate. Vertical hatehing represents position and width 
of Cambrian belt of basic rocks. Full explanation in text. 


299 


ptolites are preserved, and 
ysynclinoria to 


COBAW GRANITE, VICTORIA 


folds are gencrally aligned a few degrees W. of N. Gra 
jor structurcs developed, and thcir axes show the same N.-S. trend as 


the individual folds (Fig. 6). The Silurian rocks were thrown into long, arcuate 


these have enabled the detailed structure of the Lowcr Ordovician to be worked 


out (Thomas 1939). This has revealed brachyanticlinoria and brach 
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Fic. 6— Geological map of the Riddell Trough. 
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folds that are more open than those in the Ordovician, and with little or no plunge 
(Thomas 1939, Williams 1964). 

Soon after the folding there occurred large-scale high-angle faulting, mostly 
reverse, with throws of many thousands of feet (Thomas 1939, Thomas & Single- 
ton 1957). The western faults of the Mt William-Heathcote-Colbinabbin Belt— 
i.e. the Heathcote Fault and the Knowsley East Fault, are of much smaller throw 
and apparently are normal faults, as they bring the Cambrian against younger 
rocks—viz. Lancefieldian, the lowest zone in the Lower Ordovician. 


THE RIDDELL TROUGH 


In the region of the Cobaw Granite, the Ordovician rocks form the Riddell 
Synclinorium or Riddell Trough (Thomas 1939), cxtending from Langwornor in 
the north at least 55 miles to Keilor in the south, with a maximum width of 
22 miles (Fig. 6). Тс trough is bounded on the west by brachyanticlinoria, and 
on the east by the Mt William-Heathcote Belt. The northern end is a S.-plunging 
synclinorium, but the southern end is complicated by faulting. These faults arc the 
Djerriwarrah Fault, and a hypothetical fault which was postulated by Thomas 
(1939) to explain the cutting out of the Cambrian and Lower Ordovician rocks 
S. of Romsey, near Lancefield. This area is covered by Tertiary basalt, and the 
existence of the fault remains unproved. I regard it as a hinged normal fault, west 
block down, its hinge situated in the north, a little S. of Lancefield. The Djerri- 
warrah Fault is a reverse fault, east block down, and also hinged in the north, so 
that the block bounded by this fault and the hypothetical fault is a graben hinged 
in the north, preserving Upper Ordovician rocks at the surfacc. 


INTRUSIVE ROCKS 
(i) GENERAL STRUCTURE 


The Cobaw Granite possesses a ring structure, with a large ring of coarse- 
grained granite (G2) surrounding a core of granodiorite (G3) (Fig. 2). The whole 
massif has the outline of a modified rectangle. The N.-S. boundaries are subcircular 
in plan, whereas the E.-W. boundaries are very nearly straight and parallcl. This 
subrectangular shape is shown by both the outer contact of G2 and the inner 


Fic. 7—Diagram showing outline of the Cobaw Granite (left) and the arcuate trends 
of segments of this outline (right). 
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contact of G2 and G3. The inner contact is particularly regular, for the E.-W. 
contacts trend cxactly parallel to each other, and the N.-S. boundaries closely 
approximate semicircles. 

In detail, the E.-W. contacts of G2 with the country rock are composed of 
segments that have arcuate trends (Fig. 7). One of the arcs on the northern 
boundary is of opposite curvature from the others, so that the boundary is slightly 
re-entrant; perhaps another re-cntrant arc existed where G4 was cmplaced, so 
giving the whole outer granite contact a ‘centre of symmetry’, except for the wide 
corner in the south-east. This corner, and also those in the north-cast and south- 
west are discusscd bclow. The contacts themselves are smooth over distances of a 
few hundred yards, but show cmbayments when considered as a whole. 


(ii) ATTITUDES OF CONTACTS 


Clear vertical scctions across the contacts are non-existent. At Hayes’s Hill, 
4 milcs SW. of Tooborac, 400 vertical ft of the outer contact can be seen when the 
eastern side of the hill is viewcd from a distance. At othcr places, considcration of 
the strike of the contact and its intersection with the contour lines of the military 
maps (1” to 1 mile) shows that the contact is usually closc to vertical (Fig. 8). 
At Pyalong, and immediately W. of Ben Loch, the outer contact dips steeply 
inwards, and N. of Sidonia it may dip steeply outward; however, in general the 
outer contact is vertical. The inner contact is nowhere exposed in vertical section, 
but thc intersection of the strike with the contours indicates that it too is close to 
vertical (Fig. 8). 


(iii) SCREENS OF OLDER ROCKS 


Around the contact of G2 and G3, no screens of sedimentary wall rock have 
becn found anywhere between the two igneous rocks. However, there is an elongate 
raft of country rock in the SE. corner of the granite ring (Fig. 2), 100 yds from 
the outer contact, and in the Tooborac area there are screens of sedimentary 
country rock between the hypersthene porphyrite (G1) and the medium-grained 
granite dyke, and bctwecn the granite dyke and the outer contact of G2. The larger 
screens are still attached to the country rock, but the smaller ones are completely 
surrounded by igneous rocks at this level. The remains of a possible acid dyke that 
intruded the country rock before the cmplaccment of G3 arc preserved near the 
southern boundary of the granodiorite of Stony Ck. However, screens along the 
actual contact of G2 and G3 are absent. 


(iv) WIDE CORNERS 


Three of the four corners of the ring of granite are far wider than thc rest of 
the ring. Thc SW. and NE. corners have arcuate outer boundarics, and in the NE. 
corner (at Tooborac) the dykes of hypersthene porphyrite (G1) and medium- 
graincd granite also have arcuate trends. Hence the existence of arcuate fractures 
outside the general line of fracturing is indicated. There is no exposure in the 
SW. corner. 

The SE. corner is bounded by two straight contacts which meet at an angle of 
of about 120°, and so here it secms to have bcen the intersection of straight rather 
than arcuate fractures that allowed the granite ring to widen. The elongate raft of 
country rock is situated in this corner. 


(v) STRUCTURES OF THE SMALLER INTRUSIONS 


The boundaries of the O’Connor’s Hill and Stony Ck bodies are irregular, and 
do not seem to have been governed by any pre-existing directions of fracturing in 
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G3. However, the contact of G4 with the country rock is arcuate in trend, and the 
arc is of a similar sizc to those forming the boundary of G2 (Fig. 7). The 
porphyritic microgranite between Pyalong and Glenaroua is separate from the main 
massif, and is rectangular in plan. Its crenulate and aplitic northern cdgc is high 
up the side of a hill, so this may be near the roof of the intrusion. No information 
on the attitudcs of its contacts is available. 


(vi) FLow STRUCTURES 


Therc arc no primary flow structures in any of the smaller intrusions (i.e. the 
granodiorites of the Cobaw Rangcs, O'Connor's Hill, and Stony Ck), and the 
granodiorite G3 is likewise virtually massive. Only seven localities in G3 showed 
any planar structure (Fig. 8); at four localities thc long axes of xenoliths showed 
parallcl oricntation, and at three othcrs there were very thin and faint schlieren 
of biotitc. These structures, and the concentric courses of Mollison's and Sandy Ck 
(sec above) suggest thc existence of a faint concentric planar orientation in the 
eastern part of G3, around the adamcllite phase. 

Singleton (1949, p. 93) observed that the granitc of the ring (G2) was 
*characterized by thc presence of tabular orthoclasc perthite crystals, which are 
oriented in vertical flow laycrs, parallel to the boundaries of thc ring intrusion’. 
This structurc, though not evcrywhere clearly visible (especially on weathered 
surfaces) is neverthcless present right around the outcrop of the granitc, and is 
particularly well shown in the creek 3 тіс E. of Sugarloaf Hill, Sidonia (Pl. 34, 
fig. 2), and in Mollison's Ck, Pyalong. 

Inspection of several rock faccs at angles to cach other in an area of good 
exposure (e.g. Mollison's Ck) shows that the average parallelism of the perthitcs 
is planar. The pcrthite crystals and biotitc flakes are fairly randomly distributed 
through the rock, though there is a tendency for some of the biotites to bc con- 
centrated along the sidcs of perthite crystals. Howcver, there is no mineral banding 
(schlieren) or segregation of light minerals from dark, so the term 'foliation', in 
the sensc of Balk (1937, p. 15), cannot bc uscd. Similarly, the tcrm ‘flow layers’ 
should not be applied; the flow structure cxhibited by the granite is a platy 
parallelism of phenocrysts. 

The attitudc of thc planar structure is shown principally by the alignment of 
the largest faces of the tablet-shaped perthite crystals. On the avcrage these faces 
are vertical, and thcir strike is parallel to the margins of the granite ring. The 
smallest faces are therefore horizontal, and the medium-sized faces vertical, but at 
right angles to the largest faces. The cdges of these medium-sized faces should 
produce a vertical lineation, but the differencc in size of the two smallcr faces is 
so slight that this lineation is practically never developed, and it was seen in only 
two places, in Mollison's Ck. 

A platy orientation of the biotite crystals is well shown in only a few places. 
Here thc (001) faces of the larger flakes lic parallel to the overall vcrtical planar 
orientation of the perthite phenocrysts. Elongate clots of intergrown biotitc flakes 
are also aligned in thc same vertical direction of the planar structure, though the 
individual flakes of cach clot may have any orientation. In a fcw localities, biotite 
flakes form vertical strings. However, small isolated flakcs generally show no 
preferrcd orientation. | 

The xenoliths in the granite are almost all tabular or lenticular, and their long 
axes are parallcl to the planar oricntation. 

To determine the attitude of the planar orientation, thirteen traverses were 
made across the granite ring, and the results are shown in Fig. 8. The attitude of 
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the planar structure proved difficult to determine, for though the strike could be 
seen fairly readily, the dip was not so easily obscrved. The gencral weakness of the 
planar orientation necessitates good exposures to sce it, but these are rarely 
available, particularly large clean vertical faces. In the only traverse with good 
vertical exposures (in Mollison’s Ck) it was found that even in the one vertical 
rock face the dip of the planar orientation commonly varicd from 10° to 15° on 
eithcr side of the vertical, indicating the cxistence of flexures and ‘cddics’ in the 
flow layers, so that a single reading could not be taken as indicative of the dip over 
a large area. However, the measurement of a dozen or so dips at any one locality 
was not possible, owing to the lack of exposure. For these reasons, only those dip 
readings that were measured on large surfaces that showed a strong and reasonably 
constant orientation of the pcrthites arc included in Fig. 8. From this it can be 
seen that the strike of the planar orientation maintains an average parallelism to 
the outer contact of the granite ring, and where visible the dip is stecp or vertical. 
This planar orientation is therefore regarded as a platy flow structure, in the sense 
of Balk (1937), and indicates a vertical flow of magma. There was no tendency 
for the intensity of development of the platy flow structure to decrease inwards 
from the outer contact of thc granitc. This indicates that at this level of erosion, 
the granite flowed vertically as a true ring dyke between two confining walls, and 
was not a continuous mass through the region now occupied by the granodiorite G3. 


(vil) JOINTS 

These show clearly on the air photographs, and so were plottcd directly (Fig. 
8). It is clear that there are two main dircctions of jointing, one approximately 
N.-S., the other approximately E.-W. These directions are parallcl to the long and 
short axes of the massif. Thc joints in the granite (G2) show little tendency to 
form a radial arrangement in the corners of the ring, and the joints in the grano- 
diorite (G3) also seem to ignore the circular naturc of the N.-S. contacts of the 
two rock-types. Joints which cut through the contacts of the two rocks are 
undeviated. It thus appears that jointing was unrelated to pre-cxisting structures 
(such as planar orientation) in thc granitic bodies, although the process was 
undoubtedly influenced by the overall shape of the massif. This suggcsts that the 
joints formed aftcr all thc members of the massif had becn emplaced, except for 
the final aplite and microgranodiorite dykes. This is supported by the irregularly 
curved outlines of the granodiorite bodics of Stony Ck and O'Connor's Hill. It is 
noteworthy that all the final aplite and microgranodiorite dykes strike N.-S. 
Mineral veneers along joint plancs were nowhcre seen, 


Mode of Emplacement 
1. ЕуІрЕМСЕ ОЕ MAGMATIC FLOW 


The originally fluid nature of the members of the Cobaw Granite Massif have 
been clearly indicated in the descriptions of the rock units in the section dealing 
with the petrography and relationships of rock units. The main facts arc: 


(1) The existencc of razor sharp contacts between the outcr granite (G2) and 
thc sedimentary country rocks, and between the later members of the complex and 
the earlier. The younger rocks cut off structures in the older rocks (e.g. platy flow 
structure). 

(ii) The existence of weak platy flow structures, particularly in the ring of 
granite, G2. The strike of the platy flow throughout the ring is consistently parallel 
to the outer contact with the country rock (Fig. 8). 
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(iii) The existence of dykes of granodiorite (G3) which intrude the granite 
(G2) at Sidonia and NE. of Baynton. 

(iv) The existence of dykes of microgranite and microgranodiorite, similar in 
texture to extrusive rocks. At least two microgranites carry phenocrysts of high- 
temperature quartz (sce above, and Table 2, Pt 4). 


2. CONDITIONS IN THE CRUST 
(i) A high crustal level of emplacement. 


The Cobaw Granite possesses all the more important characteristics of epizonal 
granites, c.g. thosc listed in Buddington (1959, p. 677-680). Hence, it is a typical 
‘high-level’ disharmonious pluton, which was cmplaced into the upper part of the 
crust from lower down. 


(ii) Absence of compression in the crust during emplaccment. 

This is indicated by the absence in the country rocks of any distortion which 
can be attributed to the emplaccment of the massif. In Fig. 8, the trend-lines of 
the Lower Palaeozoic scdiments have been plotted from air photographs. They are 
completely unaffected by the Cobaw Granite, and mect the contact at right angles, 
where they are abruptly cut off. Structures such as small-scale cross-bedding have 
becn found undamaged within a few feet of the contact. The rocks of the contact 
aurcole possess typical hornfels texturc (sce scction on petrography above), which 
indicates absencc of stress (Pitcher & Read 1963). The belt of Cambrian rocks is 
cut through by the granite, but on either side of the massif its N.-S. trend is 
maintained (Fig. 1b). The weakness of the flow structures also indicates little or 
no pressure on the magmas during cmplacement. 

Workers in othcr areas of ‘high-level’ granites have concluded that ring dykes 
and collapse structures came about while the crust was cither in a neutral state 
(Billings 1943, 1945) or a tensional state (Richey 1932, Oen 1960); certainly 
there was no horizontal compression acting in the crust during the emplacement. 


(iii) Pre-existing fractures in the country rocks. 

The existence of these is indicated by the parallel trends of the two E.-W. 
contacts, and the two arcuate N.-S. contacts of the Cobaw Granite massif. More- 
over, the E.-W. contacts are composed of several very broad arcs (Fig. 7), and 
the overall strike of these arcs has the same general E.-W. direction. It is noticeable 
that these E.-W. boundaries can bc produced to coincide with similar straight 
boundaries of the neighbouring Strathbogics Granite to the E. (Fig. 1b). This may 
reflcct the existence of faults or fractures in the basement beneath the Palaeozoic 
sediments of the geosyncline (cf. Williams 1964, p. 313). 

Secondly, the Cobaw Granite is centrally situated in the Riddell Trough, and 
shows complete discordance with it; the long axis and the major (E.-W.) contacts 
of the massif are at right angles to the long axis of the trough (Fig. 6). In this 
part of the Central Victorian region, thc brachyanticlinoria and synclinoria have a 
N.-S. strikc (as do most of the individual folds), and so the direction of major lines 
of weakness might bc expected to have an E.-W. trend, a relation analogous to 
that shown by the cross-faults which form at right angles to the axes of folds. 

The arcuate naturc of the boundaries (and hence of the pre-existing fractures 
in the country rock) indicates that in thesc areas at least, the latcral forces in the 
crust at the time of formation of the fractures wcre equal and invariable (de Sitter 
1956, p. 251). The existence of straight boundaries as well results from the 
structure of the country rocks—i.e. the prevailing N.-S. trend of the folds. 


306 A. J. STEWART 


The fractures (or fracture zones) which governed the form and emplacement 
of the Victorian granites were not the faults in the country rocks which formed 
during the Tabberabberan Orogeny, at the end of the Middle Devonian. These 
faults, such as the Muckleford, Whitelaw, Mt William, and Heathcotc Faults, are 
completely transected by the granites (Fig. 6). Accordingly, thc fractures used by 
the granites were generated after the Tabberabberan Orogeny. 


SUMMARY OF CONDITIONS BEFORE AND DURING THE EMPLACEMENT 
OF THE COBAW GRANITE 


(i) The original granitic materials were magmas. 
(ii) Emplacement took place in the upper part of the earth’s crust. 


(iii) The crust was not under compression, and was probably under slight 
lateral tension. The lateral forces were mostly cqual and invariable. 

(iv) The crust was cut into scgments by fractures and fracture zones, which 
were straight or arcuate in plan, and mainly vertical in depth. 


3. THE ARGUMENT FOR SUBAERIAL EMPLACEMENT RATHER THAN 
SUBSURFACE EMPLACEMENT 


There is no evidence in the arca which settles this question, as all rocks older 
than the intrusives and within the boundary of the massif have cithcr been displaced 
by the intrusives themselves, or have been eroded away. The complcte absence of 
volcanics associated with the Cobaw Granite at first suggests subsurfacc cmplace- 
ment of the massif. However, in the othcr Victorian complexes that do have volcanic 
rocks prescrvcd, the extrusion of these rocks was accompanied by central collapse 
—i.e. the vertical subsidence was greatest in the middle of the cauldron (as in the 
Ossipee Mountains of the U.S.A.; Kingsley 1931). Considerable thicknesscs of 
volcanic rocks were formed, e.g. 6,000 ft in thc Cerbercan cauldron (Hills 1959, 
р. 548), and it is the downfaulting or warping that has resulted in the preservation 
of these volcanics to the present day. If the emplaccment of the intrusions of the 
Cobaw Granite were preceded by acid vulcanism, the volcanic rocks have since 
been entirely removed by erosion. This suggests that the volcanics were originally 
present in smaller amount, and as a much thinner layer, than the volcanic pilcs of 
the other areas, and this implies that little or no collapse occurred, and especially 
not central collapse. 

However, it is not essential for subaerial cauldron subsidence to be always 
accompanicd by central collapse. In many of the ring complexcs of the Younger 
Granite Province of Nigeria (Jacobson, Macleod, & Black 1958), and also in 
those of Queensland (Branch 1962), the volcanics of the cauldrons are flat-lying, 
except where local upturning at the edges took place owing to drag during the 
subsidence. The circumstances of the Cobaw Granitc and its neighbouring volcanic 
massifs are similar to those in the NW. part of thc Nigerian arca, wherc the Kudaru 
complex has no volcanics, and the Banke and Liruei complexes, 10 miles away to 
the north and north-cast, have plenty of volcanics prescrved. Jacobson (pers. 
comm.) feels that the Kudaru complex very probably did have an early extrusivc 
phase, and that the volcanics have since been completely removed, owing to uplift 
of the Kudaru complex relative to the others by later block faulting. 

It is possible, therefore, that the Cobaw Granite did have a volcanic phase, that 
the acid lavas werc thin and restricted, and that they have long since been removed 
by erosion. It is clear that, since the Upper Devonian, a good deal of denudation 
has taken place in Central Victoria, for large areas of Lower Ordovician rocks are 
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now exposed, and Silurian and Lower Devonian rocks are completely absent W. of 
the Mt William-Heathcote-Colbinabbin Belt. 

From the large size of the Cobaw Granite (24 by 8 milcs), it is very likely that 
the initial bounding ring fractures, which formed close to thc present position of 
the granite-country rock contact, extended to the surface. The volcanics could 
then have becn extruded from these, and so constitute the earliest igneous activity. 
The phenomenon that the earliest igneous phase in ring complexes is a volcanic 
one has been found in many parts of the world, and Central Victoria is no exception 
(Hills 1959). Indeed, it seems to me that the first ring fractures could only be 
prevented from reaching the surface by a large horizontal fracture that had formed 
even earlier. There secms no reason why this fracture should form at that stage, 
except perhaps by magma withdrawal. This would require connections (probably 
horizontal) betwecn magma chambers, and a rcason for thcir cxistence is hard to 
find. Rather, it is more likely that horizontal fractures would form later, inside the 
initial ring fractures, and so segment the large bloek of crust that had becn isolated 
by the first fractures. 


4. THE ARGUMENT FOR BLOCK SUBSIDENCE RATHER THAN BLock UPLIFT 
Again, there is no direct evidence eithcr way, such as fragmentation of roof 


rocks by doming (cf. Smith, Bailey, & Ross 1961), or downwarping of volcanics. 
However, a decision for block subsidence can be rcached on indirect lines. 

Granitic magma has a density of about 2:4 (Iddings 1914, p. 98; Daly 1933, 
p. 46-49, 57; Shaw 1965, p. 128), and so it is less dense than a consolidated 
geosynclinal filling of folded greenstones, greywackes, sandstones, and shales, which 
has an overall density of 2:7 to 2:8 (Grout 1932, p. 157; Daly 1933, p. 248; 
Holmes 1944, p. 478). This figure of 2:7 to 2:8 is supported by the fact that the 
basic vulcanism of late Tertiary timcs in Central and Western Victoria took the 
form of copious outpourings of lava, with a density of about 2-7 (Holmes 1944, 
p. 479), not intrusion of dolerite sills and conc sheets, so that the crust must have 
been denser than thc basalt magma; cf. Carey (1958). 

It is most likely, therefore, that once movcments of blocks of country rock 
started, these blocks sank rather than rose. The Cobaw Granitc is regarded, there- 
fore, as having been cmplaced by block subsidence. 


5. FORMATION OF STEEPLY-DIPPING FRACTURES 


As discussed above, these formed in responsc to the lateral tension induced in 
the crust by the upthrust of thc lighter granitic magma in the magma chamber. 
Some were straight (in plan), where governed by prc-cxisting weaknesses in the 
crust, dcrived from the N.-S. ‘grain’ in the country rocks. Others were arcuate, 
where pre-existing weaknesses were subordinate. The arcuate fracturcs particularly 
provide support for slight doming, as they indicate that inequalities in the forces in 
the samc latcral plane werc small, and this is an inherent property of doming. 

The attitude of the fractures was stceply-dipping or vertical, in responsc to the 
approximately horizontal forces of tension, and the fractures probably maintained 
this dip throughout thcir whole vertical cxtent. A constant dip is not found in the 
well-known diagram in E. M. Anderson’s analysis, where the ring dykes were 
thought to have formed by oblique shear along a surface which lay at an angle to 
concentric paraboloidal surfaces of tension (Anderson 1936, p. 151), these surfaces 
being approximately parallel to the top of the magma chamber. Accordingly, the 
dip of the ring dykes would be expected to diminish towards the top, a characteristic 
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not commonly found in actual occurrences. However, Jeffreys (1936, p. 162) 
pointed out that once the ring fracture formed at the top of thc magma chamber, 
it would far more likely maintain its original attitude as it cxtended upwards, so 
that a more nearly cylindrical fracture would result. Again, de Sitter (1956, p. 105) 
holds that oblique shear is rare in naturally deformed rocks. Anderson's thcory 
was put forward before the large size of many ring dykcs was known, and it 
explained the origin of ring dykes in terms of fluctuations of pressure in a fairly 
small magma chamber, ascribing a far more active rolc to the magma directly below 
thc site of thc ring dyke. In the present hypothcsis, it is felt that the ring dykes 
are the result of a certain arrangement of fractures in the roof of the magma 
chamber, and that these existed bcfore vertical movements or pressure differences 
in the magma began. 


6. THE NATURE OF FRACTURE ZONES 

Before describing the sequence of events in the Cobaw Granite, it is necessary 
to discuss the term ‘fracture zone’, alrcady uscd several times. Fracture zones are 
postulated (1) in order to form a complctc ring dyke before movcment of any 
central block of country rock occurs, and (2) to allow subsidence of this block 
when its bounding fractures are vertical or inward-dipping. Where thc walls of a 
block of country rock arc outward-dipping, subsidence is unrestricted and magma 
emplacement can take place by simple permissivc intrusion into thc opening fissure. 
Howcver, where the walls are vertical or inward-dipping, subsidence does not open 
a fissure. 

To solve this problem, Billings (1943, where hc also gavc full crcdit to the 
earlier devclopment of essentially the same idca by Richcy 1932, p. 99, 1329 
suggcsted the ‘fracture zone’, composcd of a number of straight or arcuate fractures 
arranged in a zonc, and perhaps bounded by larger fractures (Fig. 9b). The magma 
could first stope out this zone on cither the pieccmeal or minor block stoping 
scale (the blocks in the latter casc are from + to à mile across), and so form a 
ring dyke around the central block of country rock, which necd not yet have moved. 
This would clear a region around the central block, and also remove the support 
provided by the walls. Eventually the central block could break free of the roof 
and subside into the magma. 

In rclation to this concept of the fracture zonc, it is worth noting that Clough, 
Maufe, & Bailey (1909, p. 665) in their description of the classic Glen Coe 
Cauldron-Subsidence, concluded that the ‘fault intrusion’, which was intruded 
around the outside of the Glen Coe ring fault at thc same time as the main 
subsidence took place, and can be considered an incompletc ring dyke, was 
emplaced by piecemeal stoping, and they also thought that the magma may have 
reached the surface (idem. p. 666-667). 

Fracture zones have been invoked by Jacobson, Maclcod, & Black (1958, 
p. 9, 33, 69) to explain the emplacement of the ring dykes around some of the 
Nigerian ring complexes, and somcthing of thc sort probably occurred in the 
emplacement of the Cobaw Granite, for the walls arc certainly very stceply-dipping, 
and parts of the attitude of the platy flow structure suggest an inward dip (Fig. 8). 


SEQUENCE OF EVENTS IN THE EMPLACEMENT OF THE CoBAW GRANITE 


INTRODUCTION 

The process of intrusion seems to be broadly this: 

A body of granitic magma becomes роѕійопса in the crust, and because of its 
lower density, tries to rise. Slight doming of the roof ensues, and the resulting 


COBAW GRANITE, VICTORIA 309 


tension is relieved by the formation of the first ring (or polygonal) fractures and 
fracture zones. These reach right to the surface, and some of the magma moves up 
them, enlarging the channels by minor block stoping. Extrusion of acid volcanics 
results, in greater or lesser amount, depending on such factors as the supply of 
magma, its tempcrature, composition, density, hydrostatic head, amount of con- 
tained volatiles, ctc. 

The block bounded by these initial ring fractures is now resting upon and 
tending to sink into the remaining magma below, which itself is still trying to risc. 
The resulting stresscs are releascd by more fracturing, and thesc fractures would 
probably have a strong tendency to form within the block enclosed by the initial 
ring fracturcs, because the blocks enclosed by these later fractures would be so 
much smaller, and thercfore more easily displaccd by the magma. This is why the 
later activity in ring complexcs is so commonly confined within the earliest ring 
fractures, anothcr pattern shown throughout the world, and by the Cobaw Granite. 
Sinking of thesc smaller blocks allows the upwelling of the rest of thc magma, to 
give the later intrusions of the complex inside the earlier. 


1. PRELIMINARY MINOR ÍNTRUSIONS 


The intrusive sequcncc began with the intrusion of the hypersthene porphyrite 
dyke G1, at Tooborac. Although the dyke is irregular in plan, its ovcrall trend is 
arcuate, and the intrusion was probably accomplished by stoping of an arcuate 
fracture zone (Fig. 9a). The dip of the dyke is not known, but is probably steep. 
The dyke probably reached the surfacc and cxtruded some hypersthene dacite; if 
so this has bccn removed by crosion, and must have bcen a small flow. 

After consolidation of the hypersthene porphyrite, thc small irregular dyke of 
microgranodiorite at Tooborac, the porphyritic microgranodiorite dyke at Mt 
William, and thc porphyritic microgranite SE. of Tooborac were intruded. Thc dyke 
at Mt William came in by simple injection of magma into a parallel-sided fissure 
which opencd in the greenstone. The body at Tooborac contains few xenoliths, in 
spite of its irregular shape; perhaps it was emplaccd by stoping of several blocks, 
as in the case of the hypersthenc porphyritc. 


2. GRANITE G2 


Aftcr these preliminary intrusions came the uprisc of the magma to form a 
complete 360? ring dyke of granite G2. The precise attitude of the outer contact 
of this ring intrusion is uncertain, but it is vcry steep, and probably varies from 
steeply outward to steeply inward-dipping. It is necessary, therefore, to intrude the 
granite by minor block stoping of a ring fracture zone, Fig. 9b, 9c. This stoped out 
a region right around thc central block of country rock, and resulted in the emplace- 
ment of the ring dyke of granite and restricted flows of rhyolite (Fig. 9d, 9e). 
These must have becn thin, and it is unlikely that very much subsidence took place. 
Several rhyolite volcanoes may oncc have existed, positioncd above thc ring 
fracture zone. The ring fracture zone was subrectangular in shape, and had approxi- 
matcly straight and parallcl Е.-Х. sections and arcuate N.-S. sections. However, 
thcre wcre additional fractures outside the main trend of fracturing at three of the 
four corners. In two of these, the SW. and NE. corners, the extra fractures were 
arcuate, but in the SE. corner the fracturcs were straight. 

Evidence of the minor block stoping by the granite G2 can be seen at a number 
of places. At Tooborac, thc medium-grained granitc dyke, which intrudes the 
country rock parallel to the main contact, shows the actual stoping in progress, the 
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» а. Intrusion of hypersthene porphyrite, Gl; forms smell! flow of 
hypersthene dacite. 
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c. Start of intrusion of coarse-grained granite, 62, by minor block 
7 stoping of ring fracture zone. 
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Fic. 9. a ,b, and c—TInitial events in the emplacement of the Cobaw Granite. 

(a) irruption of Gl, (b) formation of ring fracture zone, and (c) minor block 

stoping of this to intrude G2. Vertical and horizontal scales are equal, approximately 

8 miles to 1". Reference as for Fig. 2, except that all Cambrian rocks are shown in 

solid black, and those labelled pe and D are hypothetical Precambrian and Devonian 
rocks respectively. 


COBAW GRANITE, VICTORIA 311 


d. Intrusion of granite, G2; magma reaches surface. 
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e End of intrusion of granite, 62; rather more magma reaches surface 
— to give restricted flows of rhyolite, and central block of country 
rock collapses a short distance. 
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f Formation of horizontal cross-fracture and possible N/S vertical 
— fracture in central block of country rock, and steep ring fracture in 
solidified ring of granite, 62. 


FiG. 9. d, e, and f—Succeeding events in the emplacement of the Cobaw Granite. 
(d) intrusion of G2, (e) extrusion of restricted flows of rhyolite, and (f) formation 
of subsurface fractures. 
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magma prising loose a slab of wall rock but solidifying before the slab was finally 
freed. At High Camp, in the SE. corner, there is a large partly or wholly stoped 
block of country rock in the granite. Elsewhere, the entire contact of the granite 
with the country rocks shows irregularities which suggest that blocks have been 
stoped away. The general rarity of xenoliths and rafts is admittcdly discomforting, 
and I can only assume that they sank out of sight into the depths (cf. Steven 1957, 
p. 369, and Oen 1960, p. 283). Shaw (1965, p. 129) gives some support for this 
in a quantitative treatment of viscosity in granite magmas. The same problem is 
encountered with the ring dykes of the Sara-Fier complex of the Nigerian Younger 
Granite Province (Turner 1963, p. 361). Even here a few large blocks of country 
rock have been found in the granites, suggesting that ‘large-scale stoping’ operated 
(idem, р. 353). 

The slow upward irruption of the granite magma, composed of a mush of 
perthite phenocrysts, oligoclase crystals, biotite flakes, and residual liquid, took 
place by approximately stream-line flow, though somc turbulence was present in 
places, probably owing to the presence of stoped blocks, and of ‘lumps’ in the 
magma which contained more solid and less liquid than the surrounding material. 
The ‘strcam-lines’ were actually two-dimensional ‘stream-planes’, which were 
oriented parallel to the boundaries of the ring. The tablet-shaped perthite and 
biotite crystals were then dragged into parallelism to these planes, and the weak 
platy flow structure in the granite resulted. The poor development can be explained 
by the low pressure on the magma owing to the absence of compression in the 
crust, and by the high proportion of solid material in the mush, so that it only 
slowly welled upwards, like ‘thin lumpy porridge’. The magma cooled and solidified, 
and this was followed by injection into the jointed country rocks of dykes of 
porphyritic microgranite. 

Probably about the same time as the emplacement of the granite ring dyke, an 
off-shoot of granite formed the porphyritic microgranite between Pyalong and 
Glenaroua. It too is nearly devoid of xenoliths, and its mechanism of intrusion is 


unknown. 


3. GRANODIORITE G3 

Following the emplacement of the ring of granite G2, there remained below a 
large body of granodiorite magma. A horizontal cross-fracture or zone of fractures 
formed in the central block of country rock, owing to the tendency of thc block to 
sink into this granodiorite magma (Fig. 9f). The level of the horizontal fracture 
(or zone) with respect to the ring of granite is not known, but it was probably in 
the upper part of the block. The formation of this cross-fracture must have been 
accompanied by the formation of a steep-sided ring fracture which was situated 
entirely within the solidificd (but unjointed) ring dyke of granite G2. This is 
indicated by the absence of any screens of country rock between the granite and 
granodiorite, and by the overall regularity of thc contact of these two rocks. Sub- 
surface cauldron subsidence took place within these fractures to allow the intrusion 
of the granodiorite G3 inside the ring of granite G2 (Fig. 9g). 

The details of this collapse are not clear—i.e. whether subsidence of one great 
block took place, or of a few large blocks, or of many smaller blocks. The remark- 
ably even shape of the granodiorite outcrop strongly suggests that only one or a very 
few blocks werc involved in the collapse, and the indications of a weak concentric 
planar orientation in the eastern half of the granodiorite (Fig. 8) suggest that the 
collapse may have taken place by subsidence of two blocks of roughly the same 


size (Fig. 9h). 
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_9. Intrusion of granodiorite, 63, starting in western part of massif 
- by subsidence of block of country rock. 


h. End of intrusion of granodiorite, 63, by subsidence of eastern block of 
E country rock. 


(ii) subsidence of block of granite plus country rock, and 
magma to mingle with the still liquid 63. 
u 


Ee ti 


country roc 
uprise of 


i. Intrusion of panphyriti granodiorite, G4. (i, Formation of arcuate fracture in 
4 


Fic. 9. g, h, and i—Conclusion of main events in the emplacement of the Cobaw 
Granite. (g) start of intrusion of G3, (h) completion of intrusion of G3, and 
(i) intrusion of G4. 
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The evidence for piecemeal stoping provided by (a) the concentration of the 
hornblende-bearing xenoliths in a zone which follows the strike of the Cambrian 
belt, and (b) the indications of a sedimentary origin for the non-hornblende-bearing 
xenoliths, indicates that the granodiorite had free access to the country rocks above 
the eross-fraeture. The granodiorite also stoped the granite on the minor block seale 
to some extent, and this resulted in the small irregularities in the contaet. However, 
the overall evenness of the contact indicates that this marginal stoping cannot have 
been much. As with the medium-grained granite dyke at Tooborae, the forked 
granodiorite dyke at Sidonia shows the granodiorite stoping out some blocks of 
granite. 

The granodiorite cut cleanly across the platy flow structure in the granite, so 
that complete solidity of the granite in the ring dyke before the intrusion of the 
granodiorite is indicated. The granodiorite in places became slightly porphyritie at 
the eontaet. 


4. GRANODIORITE OF THE COBAW RANGES G4 


Immediately following the intrusion of G3 came the emplacement of the grano- 
diorite G4. This was managed by subsidence of a block made of portions of 
sedimentary country rock and granite G2, along an arcuate fracture in the country 
rock which lay outside the boundary of G2 (Fig. 91). G4 has a sharp contaet 
with the sediments, but a transitional contaet zone with G3, so that the latter was 
still partly fluid during the intrusion of G4. Stoping of the roof was negligible, but 
a few xenoliths of granite (G2) are present. 


5. LATER MINOR INTRUSIONS 


Two, and possibly three small bodies of granodiorite followed the emplacement 
of G4. One formed the dyke of porphyritie mierogranodiorite N. of Baynton, which 
was injeeted into the ring of granite G2, perhaps contemporaneously with the 
emplacement of G3. A much larger mass of porphyritie microgranodiorite formed 
the intrusion at O’Connor’s Hill near the middle of G3, and this caused some 
recrystallization of the surrounding rock. A small off-shoot of this intrusion came in 
to the north-east. The porphyritic texture of these intrusions, and of the miero- 
granite between Pyalong and Glenaroua, resulted from their small size and the 
consequent more rapid cooling than in the larger, earlier masses. The mechanism 
of intrusion of the O’Connor’s Hill body is unknown, but it was probably sub- 
sidence of large blocks of granodiorite (G3) accompanied by small-scale stoping. 
Several rafts of G3 in the microgranodiorite support this. 

After these intrusions came the porphyritic granodiorite of Stony Ck. Four 
plugs of this granodiorite were injected at points around the contact of the 
O’Connor’s Hill body, and a fifth off-shoot was emplaced beside the off-shoot from 
the O’Connor’s Hill mass. 

Following this, the small plug of coarse-grained granodiorite beside the previous 
two off-shoots, and the eight minor intrusions around the margin of G4 moved in. 
The occurrence of these minor bodies in this zone suggests that this was a favoured 
site of intrusion. Their sharp contacts indicate that G4 had solidified, so they may 
have been injected along weaknesses and openings in the contact zone, which 
formed as the mass cooled. They may be the result of the mingling of G4 magma 
with the unconsolidated granodiorite, G3. The granitic types may represent acid 
differentiates which formed during the consolidation of the G4 magma, perhaps 
assisted by minor melting of the granite G2. 
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The concluding stages saw the injection into early joints of porphyritic micro- 
granodiorite and microdiorite dykes, sheets and dykes of aplite, veins of pegmatite, 
and rare quartz reefs. These early joints probably formed in response to E.-W. 
tension in the crust, as almost all the dykes strike N.-S. The dykes and rare 
pegmatite and quartz veins represent the ‘dregs’ of the magma, and conclude the 
emplacement history. Fig. 10 is a block diagram which shows the final configuration 
of the massif at the present time. 


Fic. 10—Block diagram of the Cobaw Granite at the present time, with one corner 

removed to show part of the subsided block of country rock in the south-western part 

of the massif. Reference as for Fig. 2, except that all Cambrian rocks are shown in 

solid black, and those labelled pe are the Precambrian basement. Vertical and 
horizontal scales are equal, approximately 8 miles to 1”. 
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